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AN ENDOGENOUS MODEL OF CYCLICAL 
GROWTH 


By KENNETH K. KURIHARA 


THE state of ‘steady growth’ without inflation or unemployment represents 
how we should like to see our industrial society behave. But what we have 
in the real world is the mixed phenomenon of ‘cyclical growth’.! Recently 
a number of attempts have been made to explain this phenomenon, and 
yet the most crucial question of comparative dynamics still remains largely 
unanswered, namely: ‘By what mechanism, if any, are these two [the rate 
of growth of effective demand and the rate of growth of productive capacity] 
brought into alignment ?’? 

For the prevailing models would have us believe as if intrinsically irregu- 
lar exogenous shocks could logically account for essentially regular cycles 
common to all growing advanced market economies,’ as if the structure of 
a growing economy were fundamentally so unstable as to require exogenous 
constraints (e.g. a ceiling and a floor) for recurrent oscillations,‘ or as if 
self-limiting cycles capable of occurring without growth could realistically 
be associated with growth.’ This note implies a criticism of all these models 
of cyclical growth. 

However, the main purpose of this note is to suggest an alternative 
approach to cyclical growth in terms of purely endogenous variables and 
in the belief that such an approach would be more useful in clarifying the 
essentially self-generating nature and process of cyclical growth without 
resort to artificial exogenous constraints (including non-economic erratic 
shocks) or to superfluous autonomous growth factors. The main proposition 
of this note is that endogenously determined investment is the common 
maker of cycles and growth. I shall implement this proposition by building 
a different model of cyclical growth on appropriate assumptions, 

Our comparative dynamic system has its demand side and its supply 
side. The latter side presents no particular difficulty, though the choice 


1 For original insights into cyclical growth, see J. A. Schumpe’zr, Business Cycles, 1939, 
and The Theory of Economic Development, 1934; J. M. Keynes, ‘Notes on the Trade Cycle’ 
(ch. 22) and ‘Sundry Observations on the Nature of Capital’ (ch. 16), in the General Theory. 

2 See R. C. O. Matthews, ‘Duesenberry on Growth and Fluctuations’, Zconomic Journal, 
Dec. 1959. 

3 This random-shock approach is exemplified by J. 8. Duesenberry, Business Cycles and 
Economic Growth, 1958. 

* This constraint-cycle approach is seen in R. F. Harrod, Towards a Dynamic Economics, 
1948, and J. R. Hicks, A Contribution to the Theory of the Trade Cycle, 1958. 

5 This nonlinear approach to incidental growth is seen in R. M. Goodwin, ‘A Model of 
Cyclical Growth,’ The Business Cycle in the Post-War World (E. Lundberg, ed.), 1955, and 
N. Kaldor, ‘The Relation of Economic Growth and Cyclical Fluctuations’, Zeonomic Journal, 


Mar. 1954. 
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of an appropriate rate of growth to represent it is somewhat problematical. 
For our express purpose of explaining cyclical growth endogenously, the 
appropriate standard of reference on the supply side seems to be that which 
is suggested by Harrod’s explicit concept of the warranted rate ‘proper’ 
with full employment? or by Domar’s implicit concept of the full-capacity 
rate of growth.” In either case we get a steady path of dynamic equilibrium 
with a positive constant rate of growth around which cyclical oscillations 
are to occur. 

It is, however, on the demand side of a growing economy that we en- 
counter plenty of difficulty. Joan Robinson sounded the keynote of the 
difficulty when she complained: ‘But when we are concerned with an 
economy which is off the steady path, the acceleration principle becomes a 
great impediment to clear thinking.’ Her bone of contention has, of course, 
to do with the offsetting effect of capital accumulation on income-induced 
investment stressed so articulately by M. Kalecki‘ and so ominously implied 
in both Keynes’ marginal efficiency of capital theory and Domar’s allusion 
to ‘the dual character of investment’.® In view of such complaints against 
the acceleration principle we shall work, below, with a different assumption 
about entrepreneurial behaviour. As for saving, we shall assign to it a 
rather stabilizing role in the drama of cyclical growth in order to let invest- 
ment play the star role of generating cycles and growth. Since, moreover, 
we are interested in fundamental analysis, we shall assume a pure closed 
economy without the government sector and the foreign-trade sector— 
throughout the following discussion. 

The question now is: by what route is the demand side of a growing 
economy turbulently connected with its supply side? To answer this 
question in an operationally significant way, it seems useful to spell out the 
functional relations involved on both the demand and supply sides, as 
follows: 


1 See R. F. Harrod, ‘An Essay in Dynamic Theory’, Economic Journal, Mar. 1939, and 
also ‘Domar and Dynamic Economics’, ibid., Sept. 1959. It is to be noticed that his other 
notion of warranted growth elaborated in the Dy ic Ei ics is associated with ‘involun- 
tary unemployment’, His ‘natural’ rate of growth is not, as Matthews in the already cited 
article seems to believe, the suitable rate with which to juxtapose the rate of growth of 
effective demand, since the ‘natural’ rate is not only exogenously determined but also need- 
lessly used as an artificial constraint to the upswing in some models. 

2 As I indicated elsewhere, Domar does not work out ‘the supply side’ of a growing 
economy, limiting himself to the rate of growth of effective demand (or ‘income’, in his ter- 
minology). But his ‘sigma effect’, when fully worked out, would give us the rate of growth of 
productive capacity (see E. D. Domar, ‘Expansion and Employment’, American Economic 
Review, Mar. 1947; also my The Keynesian Theory of Economic Development, 1959, pp. 67 ff.) 

* See J. Robinson, The Rate of Interest and Other Essays, 1952. p. 163. 

* See M. Kalecki, ‘A Macrodynamic Theory of Business Cycles’, Econometrica, Oct. 
1935. 

5 Domar, op. cit. Apparently Domar is more interested in trends than in cycles. By 
contrast, Harrod seems interested in both cycles and growth, judging from his stimulating 
discussion of the ‘actual’ and ‘warranted’ rates of growth in his Dy ic EB 8 














KENNETH K. KURIHARA 245 
We begin with the investment-demand function of the nonlinear form 

I, =f %-)—1Kia ( > 0, 4 < 0) (1) 

based on the assumption that investment-demand is an increasing function 

of income but a decreasing function of capital. Here J is net real investment- 

demand, Y net real national income demanded or simply effective demand, 

K existing real capital, 7 a positive constant, and ¢ and t—1 the present 

and previous periods. Equation (1) implies 

Tia—T,= (f%)—1K)—-[f Ma) — 1a), (2) 

which shows that net investment-demand is capable of increasing from 

time ¢ to time ¢+1 as long as the positive effect of income expansion is 

greater than the negative effect of capital accumulation, and vice versa. 

It is this nonlinear investment-demand function which serves as a dynamic 
multiplicand in the multiplier equation of the form 


Ya-% = <(F)—2KI-[f Ya)—nKia]}, (6=const.) (3) 


where s is the marginal-average propensity to save assumed to remain 
constant. Putting {(f(¥)—7Kj]—[/(%-1)—7K;-a}}/% = & and dividing 
both sides of equation (3) by Y,, we get the cyclically variable rate of growth 
of effective demand (g): 
pa tianl _ 8, 
Y, & 
which reveals that the rate of growth of effective demand is uniquely 
determined by the dynamic behaviour of the ratio of additional nonlinear 
investment-demand to income (5 = 4, # const.), when the saving ratio 
remains constant (s = 4). There is, of course, no reason to suppose that the 
rate of growth of effective demand given by (4) always coincides with the 
rate of growth of productive capacity, except by accident or by design. 
This is where we must turn to the supply side. 
On the simplifying assumption of a special production function with 
output having the homogeneity of first degree as to capital-input, we can 
have: 


(4) 


, “oes 
Yin—Y, = 5 Kiss Kd, (6 = const.) (5) 


where Y’ is net real national income supplied or simply productive capacity 
obtainable by fully utilizing the existing stock of capital, 6 the marginal- 
average ratio of capital to potential full-capacity output, and 1/b therefore 
the marginal-average productivity of capital. Here we assume 6 to remain 
constant, as in the familiar Harrod-Domar growth models (our 6 being 
equivalent to Harrod’s C, and our 1/6 to Domar’s a). 
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Equilibrium growth without excess demand or excess capacity requires 
the condition 


Ya—%=Vin—Yi oF <Uhea—W) = 5 (Keea—Ko (6) 


to be satisfied. From (6) we immediately derive the required increase in 
investment-demand for equilibrium growth: 


1 a a , a - 
h,.—], mre 85 (Kiss — Ky) = g (K,,,.—K)), (7) 


where g’ is the secularly constant equilibrium rate of growth of productive 
capacity. For in equilibrium we have Y, = Yj, ¥,,,—Y, = Yj4,—Y;, and 
(Yj.,5—Y})/(1/6) = sY, (left-hand side of which being net investment, or 
simply AK = IJ = AY’/(1/b), and the right-hand side being net savings), 
Py = Vina Yi _ VOlKiy—K) _ Uoe% _ 1, 


Y; Y; y, b (8) 








The change in nonlinear investment-demand from time ¢ to time ¢+1 
given by (7) is what we have been seeking as the basic endogenous 
mechanism to generate self-limiting oscillations around the steady path of 
dynamic equilibrium represented by g’. To see the working of this 
stabilizing-destabilizing endogenous mechanism, it is only necessary to 
contemplate what would happen if the condition specified by (7) failed to 
be satisfied. Writing J,,,—J,and K,,,—X, simply as AJ and AK, we may 
illustrate the cyclical implications of equation (7), as follows: 


If AJ > g’AK, then a self-limiting upward divergence. 
If AJ < g’AK, then a self-limiting downward divergence. 
If AJ = g’AK, then equilibrium growth without divergences. 


It is to be emphasized that the upward divergence due to the endogenous 
inequality of the form AI > g’AK (excess-demand growth) is only tem- 
porary and eventually reversed by the nonlinearity involved in AJ itself, 
that is, vy the depressing impact of capital accumulation outstripping the 
stimulating effect of income expansion, as equations (1) and (2) clearly 
indicate. Conversely, the downward divergence due to AI < g’AK (excess- 
capacity growth) is to be reversed by the stimulating effect of capital 
decumulation outrunning the depressing impact of income contraction. 
Thus the nonlinear behaviour of net investment-demand over time is 
capable of generating ‘limit cycles’ around the steady path of dynamic 
equilibrium with a positive constant rate of growth. It is also to be noticed 
that the capital implicit in AJ has a demand-decreasing effect, whereas 
the capital explicit in g’AK has a capacity-increasing effect. It is this 
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dual role of capital which makes that variable at once the common deter- 
minant of cycles and growth, as suggested at the outset. 

By way of summarizing our comparative-dynamic system represented 
by (1)-(8) we may make a brief diagrammatic analysis on the basis of 
Fig. 1. 

In Fig. 1 the upward sloping g’ curve is given by equation (8) and 
represents the steady path of dynamic equilibrium with a positive constant 


logY 







Boom |. Recession 
(4I>94K) (Al<gak) 8 


ont 







ie Recovery 











(Al>g aK) 
Slump 
(41<9'AkK) 
a2 Beau. 
t 
Fie. 1. 


rate of growth, while the wave-like g curve is given by equation (4) and 
represents the variable rate of growth of effective demand. The time-path 
of cyclical movements around the g’ line is governed by the working of the 
basic endogenous mechanism given by equation (7). Our economy might be 
thought of starting from point A on the g’ curve corresponding to, say, time 
¢ (measured along the horizontal axis); booming along the g curve according 
to AI > g’AK; reaching the peak at time ¢+1; taking a downturn as the 
nonlinearity makes for AI < g’AK (if above the g’ curve, a recession; if 
below it, a slump, as the arrow indicates); slumping along the g curve to 
the trough at time t+ 2; taking an upturn as the nonlinearity makes for 
Al > g’AK;; and finally getting back on the g’ curve at a higher point 
(B > A). So one limit cycle is completed, only to give rise to another, 
and so on. It is to be noticed that the amplitude of fluctuations involved 
in Fig. 1 is approximately constant, that is, neither forever increasing to 
require some exogenous constraints nor forever decreasing to require 
non-economic shocks—in order to keep oscillations going. If the fluctuations 
of constant amplitude are to be narrowed as a matter of deliberate policy, 
policy-makers would have to work with the structural parameters ¢ and § 
on the demand side, as equation (4) implies. 

Policy considerations aside, the above analysis seems to obviate resort 
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to exogenous hypotheses of any kind (see p. 243, nn. 3, 4, and 5) for 
explaining the mixed phenomenon of cyclical growth. That analysis may 
also have met some of the familiar objections to linear models, the accelera- 
tion principle, ‘mathematical instability’ (infinite divergences), and 
erratic-shock theories. 


Rutgers University 











THE RATE OF INTEREST IN GROWTH MODELS 
By R. C. 0. MATTHEWS 


THE purpose of this paper is to consider whether and how it is possible 
to accommodate a monetarily-determined rate of interest in growth 
models. The problem is stated in section I. Alternative types of approach 
to it are reviewed in sections II and III. Sections IV to VIII discuss one 
particular approach in more detail. Section [X summarizes the results, 


I 

The problem in essence is a simple one and has a long history in econo- 
mic theory. On certain plausible simple assumptions about the forces 
affecting investment, saving, production, and the distribution of income, 
the rate of profit on capital is uniquely related to the rate of growth of 
income. If this is so, it is not possible both for the rate of growth of income 
to be decided by real forces (population growth and technical progress) 
and for the rate of profit to be equal to (or governed by) a rate of interest 
which itself is determined by more or less arbitrary monetary forces in the 
manner described by the liquidity preference theory. 

To express the problem in specific form, we assume in the first instance 
that the production function is of the Cobb-Douglas type with an ex- 
ponential term, that the saving-income ratio is constant, and that a 
condition of equilibrium is that the rate of profit is equal to the rate of in- 
terest. Writing Y = income, K = capital,! L = employment, P. = profits, 
t = time, K = dK/dt = investment, r = rate of interest, we then have 

Y = Ae™K*[)-«, (1) 


K = sY, (2) 


or (3) 


Assuming further that the division of income between labour and capital 
is determined by marginal productivity, the well-known conclusion fol- 
lows from (1) that P=a¥ (4) 


Hence Y = “K (5) 


and =—. (6) 


1 We assume that K and Y can both be measured in the same physical unita, since the 
questions we shall be concerned with can be considered in abstraction from the conceptual 
difficulties that arise when this is not the case. 
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Let us consider a state of steady growth where K/Y has settled down 
to the level which, given the parameters of the system, it is able to 
maintain without change. r is then constant, and the rate of growth of Y, 
dY /dt.1/¥, denoted by g, is the same as the rate of growth of K, K/K. 


Then g= nt (7) 
a 


There is thus a unique relationship between g and r.1 If r is externally 
given at a certain level, there will be only one value of g consistent with 
this being maintained, and only by a fluke will it be equal to the ‘natural’ 
rate of growth, as determined by population growth and technical progress 
(with this production function the natural rate of growth is m/(1—«)+1, 
where / is the rate of growth of the labour supply). If on the other hand 
g is externally given as equal to the natural rate (as it would be, for 
example, if a perfectly inelastic supply curve of labour were included as 
an additional equation in the system), r is uniquely determined, and only 
by a fluke will it be equal to any particular rate that may be fixed by 
arbitrary monetary forces. If both g and r are externally given, the system 
is overdetermined, and not all its equations will be capable of being 
simultaneously satisfied. 

The argument in the previous paragraph is stated with reference to the 
state of affairs reached when K/Y has settled down to a constant level, 
and we shall for simplicity continue for the moment to concern ourselves 
only with this case. However, the above conclusion about overdeterminacy 
applies equally to the more general case where K/Y is not necessarily 
constant (and where the rate of growth of income is therefore not neces- 
sarily equal to the ‘natural’ rate even if employment is growing at the 
same rate as the labour force). This is shown in a footnote.” 

1 It may seem paradoxical that a high r is associated with a high g. But this is as it should 
be: a high r means a low K/Y, and a low K/Y means that a given rate of saving is able to 
support a high rate of growth of output. 

2 Let us consider the case where it is stipulated that Y always grows at the rate made 
possible by the technical progress, population growth, and thriftiness of the economy, and 
in which, therefore, the rate of growth of empleyment (1/L.dL/dt) may be taken as externally 
given and equal io the rate of growth of the labour force, denoted by lJ. It is not assumed 


that K/Y is necessarily constant. We then have by logarithmic differentiation of the 
production function (1) with respect to t 


ia 


g = m+an+(l—all (i) 


If K/¥ is constant, it follows that K/K = g, and equation (i) reduces to the well-known 

formula for the ‘natural’ rate of growth under a Cobb-Douglas production function, referred 

to in the text, 

m es 

g= — +1. (ii) 
l—a 


But K/Y can be constant only if it is at its unique equilibrium value s/g, that is to say in 
this case #(1—«a)/{m+l(1—a)}. If, in the initial position that the economy starts from, K/Y 
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This overdeterminacy when both g and r are given corresponds to the 
inability of Wicksell’s model to teach equilibrium in the event of the 
natural and market rates of interest diverging. Likewise the discrepancy 
between the natural rate of growth and the rate of growth implied by 
equation (7) when r is given is equivalent to the discrepancy between 
natural and warranted rates of growth in Harrod. In Keynes the equiva- 
lent feature appears rather differently, namely in the inability of the 
system to achieve full employment except at a unique rate of interest. 

The problem is a deep-seated one and cannot in general be removed 
by expressing the various equations in more refined or general forms. 
Two examples of such refinements follow. 

1. The Cobb-Douglas production function, together with the marginal 
productivity principle, implies that the share of the national income going 
to profit is constant whatever the rate of profit on capital. With some 
more generally formulated production function this would not necessarily 
be so. Moreover, if it were not and if the propensity to save out of profits 
is higher (lower) than this, it will fall (rise) asymptotically towards the equilibrium level. 
In the meanwhile g will be less (greater) than the ‘natural’ rate, m/(1—a)+1/, and r will rise 
(fall); the economy, by the accident of its initial starting point, has to move along the 
production function (in Mrs. Robinsoa’s sense) before it can settle down to its natural rate 
of growth. In the text, attention is confined to the very long-run type of situation where 
the asymptote has been reached. We thus neglect (a) the process of reaching it, (b) the 
possibility that it does not exist (given Cobb-Douglas, this happens only if m+ / = 0, but 
with other production functions it could happen in other ways, e.g. if K/Y has an absolute 
lower limit, so that, given 8, it is liable to prove impossible for K to keep up with the natural 
rate of growth, and ‘non-Keynesian’ unemployment comes about). 

The overdeterminacy brought about by having externally givon values for both g and r 
can be shown for the more general case where K/Y (and hence r) is uot necessarily constant 
as follows. Let us suppose that it is stipulated, as in the previous paragraph, that the rate 
of growth of employment is equal to the rate of growth of the labour force, /, so that 
equation (i) holds. By substituting from (6) in (i) we have 

g = m+rs+(1—a)l. (iii) 
By differentiating (5) with respect to ¢ and substituting from (2), we also have (writing 
* for dr/dt) 


ra oF : 
g= ee (iv) 


re - m 

a = aioal i ag tv) 
Given m, 8,1, and «a, and given also the value of K/Y (and hence r) that the system starts 
from, the values of r and ¢ at any point of time are uniquely determined ; there is no room 
for the rate of interest to be determined by arbitrary monetary forces. The special case 
of this conclusion dealt with in the text is that, irrespective of the initial starting-point, 
there is only one value of r that satisfies the equation in the long-run equilibrium where 
*#= 0. 

I am indebted to Sir Dennis Robertson for suggesting to me that it is unduly restrictive 
to state the argument solely with reference to the case where r is constant, and for 
emphasizing that there is nothing particularly ‘unnatural’ about a state of affairs in which 
income grows at a rate different from the natural rate on account of movement of K/Y, 
even though, on the present assumptions, this movement tends to an asymptote. I am 
also indebted to him for a number of other valuable comments and criticisms on a first 


draft of this paper. 
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were different from that out of wages, the ratio of saving to income would 
not be constant. However this does not in itself endow the system with 
the extra degree of freedom needed to get rid of the overdeterminacy. 
The marginal productivity principle involves a unique relationship be- 
tween the rate of profit and the capital-income ratio; these two between 
them determine the distribution of income and hence the saving-income 
ratio; the rate of growth of capital is equal to the saving-income ratio 
divided by the capital-income ratio; and the rate of growth of income 
is equal to that of capital so long as the capital-income ratio is constant. 
Hence a unique relationship exists between the rate of profit and the rate 
of growth of income, and it is not possible for them both to be externally 
given.! 

The overdeterminacy problem is likewise unaltered by the admission 
of monopolistic elements affecting the distribution of income, so long as 
the strength of these elements is determinate. 

2. The hypothesis that the rate of profit is governed by a monetarily 
determined rate of interest does not necessarily mean that the rate of 
profit and the rate of interest are actually equal, as is stipulated by 
equation (3). The notion of a monetarily determined rate of interest im- 
plies the existence of a capital market where loans are made. It is reason- 
able to suppose that in a growing economy the rate of profit will normally 
exceed by some margin the rate of interest payable on loans, so as to pro- 
vide an inducement to entrepreneurs to use borrowed funds to add to the 
stock of real capital.2? This may conveniently be expressed by replacing 
equation (3) by the equation 


P 

ieee ia 8 
K+ 4 (8) 

which may alternatively be written as an investment function 


ee (8a) 


r 


1 In symbolic terms we have 


(Distribution of income function) 


7) = (5. *) (Saving function) 


If g and r are given, there are four equations to determine the three unknowns P/K, K/Y, 
and K/Y, and the system is therefore overdetermined. 

2 In addition, the rate of profit may exceed the pure rate of interest by a risk premium. 
This is ignored in the text, but the argument can easily be modified to take account of it 
(see also Appendix, p. 266). 
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or, by substitution from (4), 
K =~Y_—K. (9) 


This comparatively small change makes the equation equivalent to a form 
of the acceleration principle: investment is equal to the amount by which 
the actual capital stock K falls short of the capital stock which is desired 
or ‘normal’ (in the Marshallian sense), as measured by «Y/r. The ‘normal’ 
capital-income ratio depends on the profit margin per unit of output, 
P/Y, equal to « in this Cobb-Douglas case, and on the rate of interest r. 
Equations (8a) and (9) may be made more general by the insertion of 
a coefficient 6 (0 < @ < 1) to indicate that the investment executed in 
a period is such as to bring the stock of capital towards the desired level 
without necessarily achieving tie desired level immediately: 


en (-—K) (10) 


= 02 ¥—K)}, (11) 
r 
The relationship between r and g is now given by the equation 


abg 

= S049) (12) 
The relationship is still unique and no progress has been made towards 
resolving the overdeterminacy that results if r and g are both given.' 
We shall, however, henceforward adopt equation (10) instead of equation 
(3), partly because it seems more in keeping with the notion of a monetarily 
determined rate of interest, and partly because, being explicitly in the 
form of an investment function, it is a more convenient starting-point 
for certain lines of argument taken up later. 


II 
The simplest way of resolving the overdeterminacy problem is to reject 
one or other of the assumptions responsible for it, viz. that the rate of 


1 One way of stating the problem is in terms of the well-known proposition that the rate 
of growth of income (g) is equal to the saving-income ratio (#) divided by the capital-income 
ratio (v). This is an identity if v is constant over time. For the moment we are taking 
8 as given. The question then is how g is kept equal to s/v, if g and r are both externally 
given. If equation (3) holds, the form of the problem is that v is a unique function of r. 
If (10) holds instead of (3), v depends on g as well as on r, being equal to a/r(+-g). (This 
reflects the higher inducement to invest necessary for a higher rate of growth under an 
investment function of the accelerator type. A high rate of growth will be associated with 
@ relatively low v, not because it makes any difference to the ‘normal’ capital-income 
ratio a/r, but because it lowers the actual capital-income ratio relatively to the ‘normal’ 
capital-income ratio, or in other words increases the degree of utilization of capital.) A rise 
in g will automatically cause v to fall to some extent in this case, but it will not cause v to 
fall in the same proportion as g has risen; the need will therefore remain for some other 
means of maintaining equality between g and /v. 
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interest is determined independently of real forces and that the system 
achieves—or at least is capable of achieving —its natural rate of growth. 

The neo-classical approach is, of course, to reject the notion of a 
monetarily determined rate of interest. On this view the rate of interest 
tends to the level appropriate to the underlying real forces (or at least 
this happens in the long run, though in the short run it may be interfered 
with by monetary influences in such a way as to permit cyclical or other 
deviations from the equilibrium growth path). In the recent literature 
attention has been given especially to the possibility that this result might 
be brought about through the so-called real balance effect. 

A rather different hypothesis, which has a similar effect, involves down- 
grading the monetary thsory of the rate of interest rather than rejecting 
it. It is that although ‘the’ rate of interest, as measured, say, by the 
yield on government securities, may be monetarily determined, the rate 
of return on investment that is required by entrepreneurs, which is what 
matters in the present context, is independent of the monetarily deter- 
mined rate of interest and is determined in some way in which the real 
forces are paramount. One case leading to this result is where all marginal 
investment projects are financed out of firms’ own saving, and borrowing 
is used only to finance government spending or, non-marginal forms of 
private spending. A rather more plausible case, which likewise repro- 
duces in part the conditions of Say’s Law, is where the maximum amount 
that firms can borrow at the monetarily determined rate of interest is a 
multiple of their own saving, and the rate payable on larger amounts is 
prohibitively higher; if the actual rate of profit always exceeds the rate 
of interest, investment decisions will then be unaffected by the rate of 
interest and will be determined instead by firms’ own saving.! 

It is perfectly possible that the solution of the problem is in fact along 
these lines, that is to say that the rate of interest, or the ‘cut-off’ rate 
that actually affects investment decisions, is not after all monetarily 
determined. Having mentioned this possibility, we shall not pursue it 
further and shall confine ourselves to the case where the relevant rate of 
interest is in fact monetarily determined. 


1 It may be noted that it is not enough just to say ‘Why bother about the rate of 
interest, when everyone knows that business men take no notice of it in their investment 
decisions ?’, if by this is meant merely that the capital-intensity of production is fixed 
irrespective of the rate of interest. If the capital-income ratio is actually fixed, the 
divergence between natural and warranted rates of growth arises in its crudest form. The 
fixed ratio of K to Y, taken in conjunction with the fixed r, uniquely determines the 
distribution of income, so there is no room for variation in either 8 or v in the equation 
g = 8/v. What is required by the present line of argument is some combination of assump- 
tions about the capital market and the investment function which makes the aimed-at 
capital-income ratio flexible, but flexible not in response to the monetarily determined rate 
of interest but in response to some sort of imputed rate of interest determined by real 


forces. 
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What about rejecting the other assumption, that the system achieves 
its natural rate of growth? One is not too reluctant to reject the hypo- 
thesis of a supply of labour function which directly ensures growth at the 
natural rate. But one is reluctant to abandon the idea that the system i- 
capable of growing at this rate, and this is what would be involved if the 
rate of growth were simply determined by an externally given rate of 
interest, as is implied by equation (12) if r is given. In static Keynesian 
theory, the existence of a monetarily determined rate of interest at too 
high a level wiil cause equilibrium to be established at below full employ- 
ment. This does not seem unrealistic. In the present dynamic context, 
however, the corresponding result is that the actual level of output will 
fall increasingly below the economy’s potential as time goes on, with 
progressively increasing unemployment. This does not seem so plausible, 
at least as applied to advanced industrial countries. 


III 

From the formal point of view, two types of approach to the over- 
determinacy problem can be distinguished. 

The first is to introduce an additional degree of freedom somewhere in 
the system to replace that lost by the assumption of a monetarily deter- 
mined rate of interest. An example of this approach is the hypothesis 
that the rate of technical progress is not an independent variable but 
simply accommodates itself to what is required by the other equations 
in the system. Another is the hypothesis that the distribution of income 
is not determined by marginal productivity but is free to vary in what- 
ever way is needed.! Simplest of all is just to drop one equation, say the 
investment function, and this is what some model-builders have done. 

The second approach is not to introduce any extra degree of freedom 
but to alter the form of one or other of the equations in the system in 
such a way that the natural rate of growth turns out to be the equilibrium 
rate of growth (or one possible equilibrium rate of growth) whatever the 
rate of interest. 

If the first approach is adopted and an extra degree of freedom is 
allowed somewhere in the investment, saving, or distribution functions, 
it is necessary that the system should include an equation (such as an 
inelastic supply of labour function) which has the effect of directly 
stipulating that growth takes place at the natural rate; otherwise the 
extra degree of freedom that has been conferred makes any rate of growth 
possible, and the system is underdetermined. On the second approach, 
however, no such separate equation is needed, since the other equations in 

1 Mr. Kaldor’s version of this hypothesis is discussed in an Appendix at the ead of the 
paper. 
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the system already imply that the natural rate is the equilibrium rate of 
growth. An equation of the labour supply type can therefore be dispensed 
with, though it can be accommodated if desired (so long as it does not 
have any awkward incidental implications) and may have an effect on 
the system’s stability." 

The remainder of this paper is devoted to further exploration of the 
second approach, and of one particular form of it. It is not suggested 
that this form of hypothesis is necessarily nearer the truth than the 
various others already enumerated, but simply that it is worth con- 
sidering. It will be shown that growth at the externally given natural 
rate can, on certain assumptions, be reconciled with an externally given 
rate of interest, if either the saving function or the investment function 
is modified by the addition of a trend term that grows at the natural rate.* 
Section IV deals with the formal consequences of the introduction of such 
a term, sections V to VII with the economic grounds on which its intro- 
duction might be justified, and section VIII with certain complications 
about the saving function. 


IV 
The saving and investment functions 


K = sY (2) 


and k =“y_oK (11) 


constitute two homogeneous equations in the three variables K, Y, and K. 
They establish uniquely the relationship between the variables, but leave 
their absolute size (i.e. the scale of the system) undetermined. The system 
therefore possesses a degree of freedom: a third equation can be accommo- 
dated specifying any absolute value for one of the three variables at a 
particular time. This does not help in reconciling externally given values 
of r and g (the rate of growth), since whatever the absolute value of Y, g, 
which is equal to K/K, will be the same. This is apparent from the 
equation for Y that may be derived from (2) and (11), namely, 

Y = Ye, (13) 
where Y, is the value of Y in the initial period, e is the base of natural 
logarithms, and w = 6rs/(a8—rs). The rate of growth w is here independent 
of the natural rate of growth; it corresponds broadly to the warranted 
rate of growth in Harrod. 

1 See below, p. 259, n. 2, for further reference to this question. 
2 We shall be assuming, for simplicity, that the rate of interest and the natural rate of 
growth are both rigidly given. If either or both of these adjust themselves to some limited 


extent in the direction required for equilibrium, the burden of adjustment placed on the 
rest of the system will, of course, be correspondingly reduced. 
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Consider now the consequences of adding a trend term which grows 
over time at the natural rate (denoted by n). The results can easily be 
shown to be similar whether this term is added to the saving function or 
to the investment function (or both); we shall take the case where it is 
added to the investment function. We then have 


K = sY (2) 


and K = 9 y_ 6K +bem (14) 


r 
where 6 is a constant. 

The introduction of the trend term be“ removes the homogeneity of 
the system, so that the absolute values of the variables are no longer 
unrelated to their rates of growth. The differential equation in K obtained 
from (2) and (14) leads to the following solution for Y: 


Y = ge™+(¥o—q)e™ (15) 
Ty bnr 
~~ 18(0-+-n)—adn 


‘ 6ra 
and o = ———-. 
ab —rs 


where 


Y here has two components, one of which grows at the natural rate n and 
the other at the ‘warranted’ rate w. The rate of growth (or decline) of 
Y at any point of time is a weighted average of those of its two com- 
ponents and therefore depends on the relative values of the two coeffi- 
cients g and Y,—q which act as weights (one of these may be negative). 
As ¢ increases, the term with the larger exponent, referred to as the 
dominant term, will increase relatively to the other. The rate of growth 
(or decline) will therefore gradually approximate to either n or w, which- 
ever is the larger, except in the special cases where either q or Y,—gq is 
equal to zero. In the latter cases Y grows at the rate w or n respectively, 
irrespective of the relative magnitude of w and n.! 

The question we axe interested in is whether the system can grow at 
the rate n. At any particular point of time, Y will grow at exactly this 
rate only if ¥, = qg. But it is not necessary (or indeed desirable) to show 
that Y grows at the rate n at every point of time; it is sufficient if we can 
show that the system tends to a state where it does this, so that n is its 
equilibrium rate of growth. This will be so, irrespective of the value of 
Y,, if «8 < rs, so that the exponent w is negative. The second of the two 
elements in Y then approaches zero asymptotically with the passage of 
time, and the system tends to a state where Y grows at the rate n and 


1 A zero value for g implies a zero value for b, that is to say no trend term in the invest- 
ment function. (15) then becomes equivalent to (13). 
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has the absolute value ge“. Since ge™ is independent of Y,, the equilibrium 
growth path of income may be said to be stable: if Y is temporarily pulled 
away from its equilibrium path by some disturbance, it will tend to return 
to it. The equilibrium rate of growth n is independent of r, but the value 
of g and hence the absolute level of Y at any point of time vary inversely 
with r. 

If w exceeds n, the dominant term in the equation for Y will be (¥,—q)e™ 
and the system will tend towards a state where Y grows at the rate w. 
The equilibrium rate of growth will then be dependent on r (since w is a 
function of r) and independent of n; the absolute value of Y will vary 
directly with its initial value Y,. In its ultimate behaviour the system 
thus resembles one with no trend term at all. The only exception is in 
the unique case where Y, = q; Y is then at all times equal to ge™, the 
value towards which it tends in the case considered in the previous para- 
graph. Hence if w exceeds n, it is possible for the system to grow at the 
rate n, but it will do so only if Y happens to start off at exactly the 
appropriate level, and the growth path so described will therefore be 
unstable.! 

The conclusion is thus that if there is a term in the investment function 
that grows at the natural rate, it is possible for income to grow at the 
natural rate; the rate of interest will in that event affect the absolute 
level of income but not its rate of growth. The stability of this growth 
path will, however, depend on the value of the parameters. The dependence 
of the absolute level of income (as opposed to its rate of growth) on the 
rate of interest resembles what happens in the static Keynesian model: 
if the rate of interest is high, unemployment is high, but not increasing. 

In a general way these conclusions are fairly obvious and are familiar 
from the Hicksian notion of an economy whose trend rate of growth is 
determined by that of autonomous investment. The reference to Hicks, 
and recollection of the second-order difference equation on which his model 
is based, also places the stability problem in a clearer light. The unlagged, 
linear, first-order investment and saving functions we have been using 
were intended merely to indicate general tendencies, not to be realistic 
formulations, and there is therefore no point in considering very closely 
whether the parameters in them are likely to be such as to give stability 
or not.” In reality the functions are likely to involve lags, non-linearities, 
or second-order terms, in fact all the characteristics capable of leading to 
cycles. If, as is probable, the effect of these characteristics is to save the 


1 In the case intermediate between the two considered in the last two paragraphs, namely 
that where 0 < w < n, the term ge™ will be the dominant one, as in the case where w < 0, 
but q will be negative, so that Y will decline instead of growing. 

2 It is in fact obvious that with the functions in the form given in the text, instability 
is more likely than stability. 
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system from complete instability,! while possibly making it subject to 
cycles, the conclusions regarding the effects of the rate of interest on the 
trend rate of growth and on the absolute level of income (averaged over 
the cycle, if there is one) will be qualitatively the same as they would 
have been if the simple unlagged linear first-order functions had been in 
operation and had had parameters that yielded stability.? 


Vv 

The next stage in the argument is to consider on what economic grounds 
the introduction of a trend term into the investment function or the 
saving function can be justified. It is clearly not enough just to postulate 
that there is a class of expenditure that rises over time at the natural rate; 
we have to consider why this should be so. 

The general idea one is trying to express is that the growth of possible 
production somehow directly stimulates investment or consumption. This 
sounds reasonable enough, but care must be taken to frame it in the right 


way. 

Grounds on which the introduction of a (negative) trend term into the 
saving function may be justified have been argued elsewhere,’ and this 
line of argument will therefore not be pursued at length here. Briefly, 
the argument is that because of the differing attitudes adopted by people 


towards changes in income due respectively to changes in unemployment 
and to changes in productivity, the amount saved at any level of national 
income is likely to be a function of the level of unemployment. The 
level of unemployment may be measured by the ratio of full employment 
income (denoted by Y) to actual income. Full employment income at any 


1 And also from the case of contraction referred to on p. 258,n. 1. This case results from 
values of the parameters intermediate between those that cause stable growth at the rate 
n and those that cause instability, and it may therefore be treated as an extension of the 
instability case. 

2 A word may be said here on the effects of adding to the above kind of system a supply 
of labour or other such function directly stipulating that Y grows at the natural rate. 
(A supply of labour function which stipulated continuous full employment could clearly 
not be accommodated in the system, since it is by adjustment of the average level of em- 
ployment, as measured by the absolute level of income, that growth at the natural rate can 
be reconciled with different rates of interest.) If this equation is understood as something 
that necessarily holds at every point of time, it has the effect of removing the degree of 
freedom from Y, and making it necessarily equal to g, so that the possibility of the system 
departing even momentarily from the natural rate of growth is precluded. If, however, it 
is understood merely as an equilibrium condition, liable to be upset from time to time by 
random disturbances, its effect is merely to alter the way the system responds to disturb- 
ances, increasing or lessening the likelihood of stability according to its particular form. 

* R.C. O. Matthews, ‘The Saving Functicu and the Problem of Trend and Cycle’, Review 
of Economic Studies, 1954-5, pp. 75-95. A similar line of argument is developed, with 
statistical evidence, in K. Maiwald, ‘The Effects of Mainteined Consumption in the Un- 
employed Sector’, Economic Journal, 1955, pp. 89-106, and in J. Mincer, ‘Employment and 
Consumption’, Review of Economics and Statistics, 1960, pp. 20-26. 
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point of time will be equal to e“ multiplied by a constant.’ If the propor- 
tion of income saved varies inversely with the degree of unemployment, 
the saving function will therefore be of the required form, expressing K 
as an increasing function of Y and a diminishing function of e™. 

We shall now consider the other possibility, that a trend term enters 
into the investment function.? Two alternative models in which this‘ 
happens will be suggested in sections VI and VII. 


VI 

The first model we shall call the Ceiling-Floor model. It depends on 
the assumption that growth is accompanied by fluctuations, and it closely 
resembles the Goodwin model of trend and cycle. 

The system grows in a series of cycles, each upswing being terminated 
by a ceiling and each downswing by a floor. The ceiling above which 
investment cannot rise is equal to the full employment level of output, 
denoted by Y, multiplied by the proportion of income saved. The floor 
to investment is in the last resort zero, but in practice it is likely to be 
a good deal higher than this and subject to an inter-cyclical upward trend, 
since certain classes of investment are largely immune from the influence 
of cyclical contractions and are tied rather to the long-run trend move- 
ment of income. We assume the floor to rise at the same rate as the 
ceiling. 

The investment function 


K = OY —6K (11) 


describes the amount of investment that will be done if the economy is 
constrained neither by the floor nor by the ceiling. If the level of invest- 
ment indicated by this equation exceeds the ceiling level of investment, 
or is less than the floor level of investment, actual investment will be less 
or more respectively than the equation indicates. Whether over the 
average of the cycle investment is greater or less than (11) says, and 
by how much, will depend on the relative preponderance of boom and 
slump conditions within the cycle. As an approximation, this may be 
measured by the average value over the cycle of Y/Y; if this ratio is high 
(i.e. near to unity), it may be inferred that a good deal of the cycle is 
spent at the ceiling, whereas if it is low, it may be inferred that not much 

1 We shall henceforward drop the constant and assume F = e"; this is simply a matter 
of the units in which Y is measured. 

* This possibility is, of course, not at all inconsistent with the previous one: there is no 
reason why there should not be a trend term in both functions, and this is no doubt the most 
likely case in practice. It is desirable, however, to analyse the two possibilities separately, 
in order to reveal more clearly the mechanism involved. Combination of the two in the 
same model does not raise any new issues of principle. 
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of the cycle is spent at the ceiling and a fair part of it at the floor. Let 
us suppose that there is a crucial value A such that, if over the average 
of the cycle Y/Y = h, the effect of ceiling and floor on investment exactly 
cancel out in the long run. The effects of ceiling and floor my then be 
shown by a revised investment function, relating to investment averaged 
over the cycle, of such a form as 


= “© y—eK—c(¥—AY) (16) 


where c is a constant. Since Y is equal to e™, this investment function 
may be seen to be of the same form as equation (14), and the conclusions 
of section IV duly follow. 

By postulating that the system moves between tramlines constituted 
by the ceiling and the floor, we have in effect assumed away the stability 
problem in this case. The trend path of income cannot fail to have the 
same upward slope as that of the tramlines: Y must grow at the natural 
rate n. Given that it does so, the value of r may be shown to be given by 


the following equation 
adn 


f = 4 ° 
8(8-+-n)-+-en{1—h{Y /Y)} 


The rate of interest thus varies positively with Y/Y: a high rate of interest 
is associated with a high average level of unemployment. The way the 
system works is that if there is a change in r not accompanied by any 
change in n, the rate of profit remains unaffected and the change in the 
size of the gap between the rate of profit and r is rendered consistent with 
equilibrium by a change in the relative pressure on floor and ceiling. If r 
is low, the cyclical average of the excess of the rate of profit over the rate 
of interest is higher than if r is high. More time is spent at the ceiling, 
where the rate of profit is such that entrepreneurs would like to be doing 
more investment than they are actually able to do, and less time is spent 
on the floor, where net investment is higher than the current rate of profit 
would justify. 

This model has been put in very crude terms and could obviously be 
refined in various ways. However it is sufficient to show how the existence 
of fluctuations which periodically carry the system against the ceiling and 
the floor will have the effect of introducing a trend term into the function 
describing the long-run movement of investment. 


(17) 





VII 
An alternative approach is provided by what we shall call the Distribu- 


tion model. 
The idea involved in the use of the ceiling in the Ceiling-Floor model 
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is that if Y rises above a certain level relatively to Y, investment will be 
inhibited by absolute shortages of labour. It is natural to go on to con- 
sider whether availability of labour may not affect investment through 
the price-mechanism rather than through absolute shortages. If so, it 
should be possible to express investment as a smooth function of the level 
of unemployment, instead of just having three sharply distinguished types 
of situation (at the ceiling, unconstrained, on the floor); it will then no 
longer be a necessary part of the model for growth to be accompanied by 
cycles which periodically carry income to extreme levels. 

The first thought that comes to mind in this connexion is that if there 
is unemployment, the real wage will be lower because of the existence of 
a labour supply function and that this will raise profit margins and stimu- 
late investment.’ But the introduction of a labour supply function of the 
normal type by itself merely adds an additional equation to the system, 
without altering the form of the existing equations, and thus leads to 
exactly the overdeterminacy which it is the object to avoid. The neo- 
classical notion of using the supply curve of labour in this way is by itself 
sufficient only when the other neo-classical postulate holds, viz. a rate of 
interest determined by real forces. With a monetarily determined rate of 
interest, something more is required. 

This may be provided by an amendment to the marginal productivity 
equation (4). Neither wages nor product prices are in reality determined 
under perfectly competitive conditions. Profits will therefore not be equal 
to the value of the marginal physical product of capital. Suppose that 
instead profits are equal to the marginal product of capital multiplied by 
a coefficient, referred to as the degree of monopoly, which measures in 
a catch-all manner the combined effects of monopolistic and mono- 
psonistic elements in the factor and product markets. Suppose further that 
the existence of a reserve army of unemployed workers weakens the 
monopolistic power of trade unions and strengthens the monopsonistic 
power of employers. Then the higher the level of unemployment the 
higher will be the degree of monopoly and the higher will be the reward 
of capital relatively to the value of its marginal product.* 

1 We assume for the moment no difference between the propensities to save of profit- 
earners and wage-earners. The effects of relaxing this assumption are considered below. 

2 It may be objected that the hypothesis that the share of national income going to 
profits varies in the same direction as unemployment is inconsistent with what is observed 
to happen in the trade cycle, when profits’ share falls in the slump. The answer to this 
is that the present model is a long-period one and abstracts from considerations which 
within the cycle are dominant. In face of a short-period contraction in effective demand, 
the Cobb-Douglas production function is not a plausible approximation. The fall in demand 
is spread over many firms, and each firm is committed to a particular method of produc- 
tion and has indivisible costs. As a result, there are not constant returns to scale but 


increasing returns to scale, and this works to the disadvantage of profits as the residual 
class of income. Profits may be further depressed by the competition for orders between 
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This may be expressed algebraically as follows. Taking as our starting- 

point the Cobb-Douglas production function (1), the distribution function 

(4) is now replaced by P 

= = au (18) 

Y 

where u is the degree of monopoly. The relation between the degree of 

monopoly and the level of unemployment may take various forms: a 
convenient formulation is 


u=B+(-A)y (19) 


where f is a constant with value less than unity. This formulation implies 

that when there is full employment, the factors of production get paid 

the values of their marginal products, and that as Y/Y rises (representing 

an increase in unemployment), u rises by an amount that is more or less 

than in proportion to the rise in Y/Y according as f is negative or positive. 
Substituting for P in the investment function 


Pus (-—K) (10) 


we have K= of y+°C—Py_ x}. (20) 


This investment function is of the same form as (14); a trend term has 
been added. Taken in conjunction with the saving function K = sY, and 
given that Y = e™, this gives a solution for Y comparable to equation 


(15), namely, Y = q'e"+(%—q' ew" (21) 


. Bio a6n(1 —B) 
— hes r3(0-+-n)—apOn 
The system is thus eapable of growing at the rate n. The stability of 
this growth path depends on the values of the parameters (if o8@ < rs, 
it is stable however small n may be); but the remarks made above (p. 258) 
about the inadequate guide to stability given by equations of the present 


.type hold here as well. 
So long as Y does grow at the rate n, r will be given by the equation 


_ abn{p+(1—B)¥/¥} 
f= a(64n) ; (22) 
As in the Ceiling-Floor model, r varies directly with Y/Y. If r is relatively 


producers, all anxious to use their capacity fully and not able to use their surplus capital 
in substitution for labour because in the short run it is committed to a specific form. 
Consequently the rise in the capital-income ratio that occurs in the slump does not leave the 
distribution of income unaffected, as the Cobb-Douglas function would imply, but shifts 
it against profits. This swamps whatever opposite effect on distribution may be exerted 
by the reduction in labour's bargaining power caused by unemployment. 
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high, its effect on the inducement to invest will be offset by relatively 
high profit margins (brought about, through the adverse effect on labour’s 
bargaining power, by relatively high unemployment), and there will be 
no change in the capital-income ratio. Different values of r thus lead to 
different profit rates and are thereby made consistent with the same rate 
of growth. 

The Ceiling-Floor model and the Distribution model are both based on 
the idea that scarcity of labour inhibits investment, in the one case by 
shortages and in the other case by shifting the distribution of income in 
favour of labour and so making investment less profitable. There is no 
reason why both effects should not be present in some degree, high em- 
ployment making labour of given quality (the quality may be an important 
point) both difficult to get and expensive. Some combination of the two 
models would then apply. 


VIII 

In the last two sections the saving-income ratio s was assumed constant. 
As a result all the burden of adjustment to exogenous changes in r or n 
fell on forces affecting the capital-income ratio K/Y. A rise in n, by 
lowering Y/Y, lowered K/Y; a rise in r, tending to lower K/Y, was 
neutralized by a rise in Y/Y, so that no change in K/Y actually occurred. 

There are various reasons for which s may be other than constant, and 
the models can then be amended accordingly. 

1. s may vary inversely with Y/Y, for the reasons outlined in section V. 
Introduction of this effect in the Ceiling-Floor or Distribution model will 
lessen the extent of the change required in Y/Y in consequence of an 
exogeneous change in r or n. There are other possibilities that have a 
similar effect ; for example, the extent of the change in Y/Y called for by 
an exogenous change in n will be lessened if s varies directly with the rate 
of growth of Y, as it will do if consumption expenditure is a function of 
lagged income as well as of current income. 

2. s may vary directly with Y/Y, because of the effects of Y/Y on the 
degree of monopoly and hence on the distribution of income, in so far as 
the propensity to save out of profits exceeds that out of wages. If the 
propensity to save within each class of income varies inversely with Y/Y, 
as under 1, the overall effect of changes in Y/Y on e is ambiguous. If 
the effect through the distribution of income preponderates and s there- 
fore varies directly with Y/Y, this will increase the extent of the change 
required in Y/Y in consequence of an exogenous change in r or n in the 
Ceiling-Floor or Distribution model. The stimulus to investment provided 
in the Distribution model by an increase in profit margins is then partly 
offset by the reduction in income which the shift to profit brings about. 
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In the extreme case where wage-earners do no saving and the propensity 
to save out of profits is constant, the Distribution model breaks down, 
since the two effects on investment exactly cancel out: at any given level 
of K, P is fixed, and a rise in P/Y will lower Y and raise the desired ratio 
of K to Y in the same proportion. A change in Y/Y can thus as such have 
no effect on the inducement to invest, and the e“ term disappears from 
the equation for K.1 

3. Independently of any changes in the degree of monopoly, the distri- 
bution of income and hence s may be affected by changes in K/Y if the 
production function is not of the Cobb-Douglas type and does not have 
unit elasticity. The Cobb-Douglas function is least likely to apply if the 
change in K/Y reflects a change in the degree of utilization of capital 
rather than a change in the desired capital-output ratio; P/Y in this case 
is likely to vary inversely with K/Y.? In all the models so far considered, 
since the investment function is of the accelerator type, a rise in the rate 
of growth in itself leads to some fall in K/Y, representing an increase in the 
degree of utilization.’ In so far as an exogenous rise in m thus raises P/Y 
and hence s, the need for further reduction in K/Y brought about through 
a fall in Y/Y is lessened. (The same applies if the fall in K/Y raises the 
propensity to save within each class of income.) In the Ceiling-Floor 
model the further changes in K/Y brought about by changes in Y/Y are 
likely also to represent to a large extent changes in the degree of utiliza- 
tion and hence to be associated with changes in P/Y and in s; they will 
to this extent need to be less large than would otherwise be the case.‘ 

1 Denoting the proportion of profits saved by ¢, and assuming that the propensity to 
save out of wages is zero, we have as the saving function 

K = of{aBY +a(1—8)¥}. 

Substituting this in the investment function 


we have R(=—-) = K, 
ro 86 


K therefore grows at the rate 6rs/(9—rs), which is independent of n. A curious feature of this 
case is that although the term involving e“ disappears from the equation for K, it does 
not normally disappear from the equation for Y. Hence if n > Ors/(@—rs), the equilibrium 
rates of growth of Y ard K will be different, and there will be a cumulative change in the 
capital-income ratio. 

2 See above, p. 262, n. 2. 

® See above, p. 253, n. 1. 

‘ The stabilizing effect of a rise in the rate of growth on K/Y and hence on P/Y and 
on é will be neutralized if the change in P/Y has an equal effect on the desired capital-out- 
put ratio and hence on investment, as indeed is implied by equation (10). But in an invest- 
ment function of the accelerator type, there is good cause for treating differently a change 
in P/Y due to, for exampie, a change it. the degree of monopoly, and a change in P/Y due 
to a change in the degree of utilization of capital, since it would appeer to be a form of 
double-counting to suppose that the ‘normal’ capital-output ratio is itself a function of the 
extent to which the actual capital-income ratio falls short of it. 
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IX 

This paper has been concerned with the difficulty of reconciling a 
monetarily determined rate of interest with the achievement of the natural 
rate of growth, in models which specify production, saving, investment, 
and distribution functions. After various possible lines of approach had 
been briefly considered, attention was concentrated on the effects of 
introducing into the saving or investment functions a term which grows 
at the natural rate. Reasons were considered why such a term might be 
present in the investment function. It was shown that on certain assump- 
tions the natural rate of growth is then the equilibrium rate of growth, 
irrespective of the rate of interest, and changes in the rate of interest affect 
the average level of unemployment rather than the rate of growth. If the 
trend term is in the saving function, changes in the natural rate of growth 
are met by induced changes in the saving-income ratio; if in the invest- 
ment function, by induced changes in the capital-income ratio. A com- 
bination of the two is also possible. Moreover even if the trend term that 
makes the system work is in the investment function, not in the saving 
function, the saving-income ratio is likely to be variable for a number 
of other reasons, and this may lessen (though it is also capable of increas- 
ing) the burden of adjustment falling on the capital-income ratio. 


St. John’s College, Cambridge. 


APPENDIX 


A Comparison with a Neo-classical Model and with Mr. Kaldor’s 
Model 


Tse Distribution model described above has certain affinities to a type of neo- 
classical model and also, in a different way, to the model of Mr. Kaldor. A com- 
parison may help to make clear the properties of the various models. It helps in 
particular to explain why Kaldor’s assumption that the risk-premium varies with 
the capital-output ratio (an assumpiion that has been felt by some critics to be 
peculiar) is a necessary part of his model. No attempt is made to pass judgement on 
the relative merits of the assumptions underlying the several models. 

A Neo-classical model. The characteristic features of this type of model are that 
the rate of interest is not externally given and that there exists a supply of labour 
function which is perfectly inelastic in the long run and therefore makes full employ- 
ment (equality of Y and Y) a condition of long-run equilibrium. Such a model may 
be expressed in terms similar to those used above by taking over the saving and 
investment functions (2) and (10) as they stand; adding an additional equation 
Y = Y; regarding r as a variable; and incorporating the distribution equations (18) 
and (19), or something similar, to indicate what happens in the short run in the 
event of unemployment appearing: competition between workers causes the wage 
of labour to fall temporarily below the value of its marginal product. The result 
is then exactly the same as would follow from our Distribution model if in it r 
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happened to be at the level that gave full employment. A chance fall in Y below Y 
raises profits’ share, as shown by the distribution function, and thereby raises in- 
vestment and restores full employment equilibrium. 

The Kaldor model. Kaldor supposes' that the distribution of income depends on 
the degree of pressure on resources, as expressed by Y/Y. However, instead of 
supposing, as we have done, that a low level of Y relatively to Y lowers labour’s 
share by weakening its bargaining power, he makes the opposite assumption, that 
it will lower profits’ share, on the grounds that it will lower prices relatively to 
prime costs. Moreover he assumes that this effect is so strong that an infinitesimal 
fall of ¥Y below Y will (at least in the long run) lower profits’ share to an unlimited 
extent. This is equivalent to assuming that 8 in the equation 


aera wo 


has a value approaching infinity, and hence that, for any feasible value of u, Y/Y 
must equal 1. It follows that instead of there being an equation linking the distri- 
bution of income to Y/Y, the distribution of income is able to vary without restric- 
tion, and there is an equation specifying Y = Y. 

It is further assumed that workers do no saving. Writing p for the proportion 
of national income going to profits and o for the proportion of profits saved, the 
saving function may then be written 

K = opY (A. 1) 


where o is a constant and p is a variable. 
In addition, there is an investment function, stipulating that the rate of profit 
is equal to a certain required rate p: 


Y 
w= =p. (A. 2) 


Substitution from (A. 2) in (A. 1) gives 
(A. 3) 


Here p has cancelled out, and K grows at the rate op. If p is assumed to be a constant 
(equal to, say, r-+a, where r is the monetarily determined rate of interest, and a is 
a risk premium), this rate of growth gp is uniquely determined, and will be different 
from the natural rate of growth (the rate of growth of Y) except by chance. Since 
p and hence K/Y remain undetermined and can therefore vary over time, this result 
is not actually inconsistent with the required equality of Y and Y; but a model in 
which K and Y grow steadily at different rates cannot be considered satisfactory. 
This difficulty is the same as that referred to on p. 17 and arises because, with no 
saving out of wages, a rise in p lowers Y and raises the desired K/Y ratio by equal 
proportions and so has no net effect on K. Kaldor deals with the difficulty by 
postulating that p, the required rate of profit, is not a constant but varies directly 
with the capital-income ratio (on the grounds that a greater degree of risk attends 
investment when the capital-income ratio is high). This may be expressed by such 
an equation as 


p=rt+ (a,—a, x) (A. 4) 


where r is the monetarily determined rate of interest and the expression in brackets 


1 Mr. Kaldor’s model has been stated by its author in several forms. Reference here is 
chiefly to his paper ‘Capital Accumulation and Economic Growth’, to be published in the 
volume containing the proceedings of the 1958 Conference of the International Economic 
Association. A similar version is stated more briefly in his ‘Economic Growth and the 
Problem of Inflation’, Economica, 1959, pp. 212-26 and 287-98. 
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is a risk-premium, a, and a, being constants. This would lead to the equation 
K _ po(a,+r) (A. 5) 


K a,+p 


in which the rate of growth of K can be made equal to whatever is the rate of 
growth of Y, so long as this falls within the limits 0 and o(a,+1r)/(a,+ 1), by having 
an appropriate value for p. Thus K and Y are both able to grow at the natural 
rate, and the distribution of income is uniquely determined. 

The way in which this introduction of a risk factor serves to eliminate the trouble- 
some cancelling out of the effects of a change in p on the level of Y and on the desired 
K/Y ratio is by lessening its effect on the latter; the net effect of a rise in p on the 
inducement to invest is thus made to be adverse.. Introduction of workers’ saving, 
on the other hand, eliminates the cancelling out by lessening the magnitude of the 
change in Y brought about by a change in p; in this case, by coutrast, a rise in p 
thus acts as a net stimulus to investment. The choice between the two ways out 
of the difficulty is connected with the question of stability. Kaldor’s procedure is 
appropriate to his other assumption, namely that a fall in Y, given Y, lowers profits’ 
share: if the fall in profits’ share serves in net to stimulate investment, the under- 
employment that has emerged will thereby tend to be corrected. On the opposite 
hypothesis, that a fall in Y raises profits’ share, the change in distribution will work 
in a stabilizing direction only if a rise in p is what serves in net to stimulate inv est- 
ment. 











INFLATION AND THE BOND RATE 
By CHARLES KENNEDY 


In so far as people foresee a steady rise of prices of 2 per cent. per annum, they 
will look for a 5 per cent. rate of interest instead of 3 per cent. Since there are alter- 
native securities, especially equities, which can be expected to increase in money 
value if inflation continues, bondholders will tend to switch from bonds to equities 
unless a rise in bond yields offers satisfactory compensation for the expected fall 
in the real value of the fixed money interest earned on the bonds. There is no doubt 
at all that this has been a real force in the course of security markets during the 
post-war period: as realisation of continuing inflation gained a hold, particularly 
during 1957, the authorities had increasing difficulty in tempting investors into 
bonds, and indeed in inducing investors to continue previous holdings, without 
offering altogether better terms than before. 


Thus the Radcliffe Report in paragraph 572.1 Most commentators in the 
financial press would agree. So does Mrs. Robinson, mutatis mutandis.* 
Yet, on the face of it, this effect of inflationary expectations on the bond 
rate seems not to be entirely consistent with the Keynesian theory of 
interest ; and Keynes himself expressly denied its validity, arguing that 
it would be the marginal efficiency of capital and not the rate of interest 
that would be affected.* This is an old story,‘ but one which still seems 
to be asking for a concluding chapter. 

It is not difficult to see what are the shortcomings of the existing treat- 
ments of the subject. The Radcliffe Committee concentrate too exclu- 
sively on substitution between bonds and equities. Keynes, on the other 
hand, concentrated too much on substitution between bonds and money. 
What is needed is a general equilibrium analysis ; in other words the use of 
a model with, at the very least, three kinds of asset —money, bonds, and 
equities. Fortunately, in any treatment of such a model, use can be made 
of a tool of analysis provided by Mr. Ichimura, namely the concept of a 
solitary change in the want for a commodity.' According to his definition, 
‘there is a solitary increase in want for a commodity X if the marginal 
rate of substitution of X for any one of the other commodities increases, 
while the marginal rates of substitution of the other commodities among 
themselves remain unchanged’.® 

1 Report of the Committee on the Working of the Monetary System, Cmnd. 827, 1959. 

3 The Accumulation of Capital, Macmillan, 1956, p. 279. 

2 The General Theory of Employment, Interest and Money, Macmillan, 1936, pp. 142-3. 

* See, for example, Irving Fisher, The Purchasing Power of Money, New York (Mac- 
millan), new and revised edition, 1926, pp. 56-58. 

5 ‘A Critical Note on the Definition of Related Goods’, Review of Economic Studies, vol. 
xviii (3), p. 180. See also Hicks, ‘A Comment on Mr. Ichimura’s Definition’, in the same issue. 

* Ichimura, loc. cit. If the latter condition is to hold, it is obvious that the marginal rates 


of substitution of X for all other commodities must rise in the same proportion. Mr. Ichi- 
mura makes this clear in the illustration that follows the definition. 
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Consider then a market in money, bonds, and equities, the supplies of 
which are fixed, at any rate in the short run. Equilibrium in the market 
has been established on the assumption that no inflationary rise in the 
prices of commodities is expected. Now suppose that the situation alters 
in that inflation is expected. Since money and bonds will both lose in real 
value as a result of inflation, it seems not unreasonable to suggest, at least 
as a first approximation, that this change in expectations gives rise to 
solitary increases in want for equities. 

Two cases are then to be distinguished, which must be analysed in turn. 
The simpler is that in which all operators in the market experience the 
same solitary increase in want for equities. In this case, no assets will 
change hands, and equilibrium will be restored merely by a rise in equity 
prices of the appropriate amount.! There will be no change in bond prices, 
and we have in fact the Keynesian solution. This solution is, however, 
subject to an important qualification, which is that the rise in equity 
prices necessary to restore equilibrium should be a finite one. If the rate 
of interest on bonds is low in relation to the expected pace of inflation, it 
is quite possible that no rise in equity prices will be sufficient to restore 
equilibrium, so that equity prices will go on rising without limit.? I shall 
return to this point later. 

In the more general case, some operators in the market, for example 
vecause of differing expectations, experience a greater solitary increase in 
want for equities than others do. In this case, assets in the market will 
change hands before equilibrium is restored. Equity prices will rise as 
before, but as far as the bond price is concerned, the outcome will depend 
on the substitution relations of the different classes of operator. For 
example, if bonds and equities are closer substitutes for the purchasers of 
equities while money and equities are closer substitutes for the sellers of 
equities, then the bond price will tend to fall. Contrariwise, if the condi- 
tions are reversed, bond prices will tend to rise. In general, there is no 
reason to expect the one outcome rather than the other, but there may be 
special circumstances in which a weakening of bond prices is the more likely. 
Thus, it may be that the purchasers of equities have a longer-term outlook 
than the sellers of equities. In this case, the former will want to switch 
into equities from bonds while the latter will want to switch out of equities 
into money. Some such state of affairs may well be a feature of a boom in 


1 Cf. Ichimura, op. cit., p. 182; Hicks, op. cit., p. 184. 

2 If equity prices were expected to increase as a result of inflation at an annual rate 
appreciably higher than the current long-term rate of interest, then equities would still be 
held in preference to bonds even though the dividend yields on the market prices of equities 
had become negligible. In such a situation, similar considerations would apply to real 
capital assets ke houses and stocks of commodities, whose prices would also tend to rise 


without limit. 
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equities, and especially of its later stages, but there does not seem to be 
any good reason why this state of affairs should be other than temporary 
in character. 

A more permanent effect of the same kind is likely to be seen if the 
change in expectations induces trustees to widen their powers of invest- 
ment so as to include equities. These trustees will necessarily be purchasers, 
not sellers, of equities; and bonds and equities will be closer substitutes 
for them than for the average market operator, since they are more con- 
cerned with considerations of income. It seems clear that any widening 
of trustees’ powers of investment can be expected to cause a permanent 
weakening of the bond price.? 

The analysis so far has been based on the assumption that the chang_ 
in expectations gives rise to solitary increases in want for equities, an 
assumption that must shortly be called in question. It has been argued 
that, if all operators in the market experience the same solitary increase, 
then the Keynesian solution—an unchanged bond price—is correct ; but 
that, when this is not the case, there is a possible reason for a weakening 
bond price, namely that bonds and equities may be relatively closer sub- 
stitutes for the purchasers of equities while money and equities are rela- 
tively closer substitutes for the sellers. For future reference, I shall call 
this Reason One. 

It has now to be asked whether there are any reasons why the change 
in expectations should itself cause a lowering of the marginal rate of sub- 
stitution of bonds for money, and consequently a weakening of the bond 
price. The following reasons suggest themselves. In the first instance I 
shall merely list them, and only later try to assess their importance. 

The prospect of inflation will, it is agreed, cause a rise in equity prices, 
and similarly in the prices of existing real capital assets as well. This rise 
in asset prices will cause some increase in the demand for money for the 
transaction motive (Reason Two). 

The need for money for transactions will be expected to increase steadily 
as the rise in the general price-level takes effect. There will be some 
immediate increase in the demand for money in preparation for this 
(Reason Three). 

The view of the Radcliffe Committee quoted above, even though it 
does not really stand up to analysis, may be sufficiently widely held to 
be a market factor in its own right. If a weakening of the bond price is 
expected, it will in fact take place (Reason Four). 

The Government may be expected to combat the inflation by a policy 

1 The Wall Street boom of 1929 may be a case in point. Cf. Keynes, A Treatise on Money, 


Macmillan, 1950 reprinting, vol. ii, pp. 195-6. 
* Cf. Radcliffe Report, para. 574. 
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of dearer money. Operators in the market will therefore want to sell bonds 
in anticipation of the Government’s action (Reason Five). 

Any assessment of the importance of these last four reasons and of 
Reason One given earlier is necessarily a matter of judgment. I am in- 
clined to think Reason One is of some importance, especially in so far as 
the widening of investment powers is concerned. Here, however, it should 
perhaps be emphasised that it is the widening of investment powers itself 
that is the proximate cause of the fall in bond prices, while the prospect 
of inflation has only an indirect influence in accelerating the process.’ 
Reason Two seems to me of minor significance. Reason Three appears 
unconvincing in the context of a simple three-asset model, but takes on 
more force if the model is elaborated to take account of bonds of different 
maturities. It is a reason not so much for holding money instead of bonds, 
but rather for holding shorter instead of longer maturities. Even so, I do 
not think it should be given too much weight. 

Reason Four is difficult to assess. It seems unlikely, though not incon- 
ceivable, that a belief which rests on a superficial, if not wholly erroneous, 
analysis should be a market factor of permanent importance. It may, on 
the other hand, have operated as a market force at particular times. The 
summer of 1957 certainly has some claim to consideration in this respect, 
but, as I shall argue later, the events of that period are in part open to a 
quite different explanation. 

Reason Five is probably the most important, especially since forecasts 
of dearer money policies to combat inflation are usually justified by events. 
Just because of this, however, its influence is temporary in character: 
the market merely anticipates the action of the authorities. 

The foregoing analysis gives a very large measure of support to the 
Keynesian viewpoint in the theoretical controversy mentioned at the 
outset. Although reasons have been given why the prospect of inflation 
should lead to a weakening of the bond price, such influence has been 
judged to be either small, or indirect, or temporary in its operation. 
Moreover, the last four reasons given, although overlooked by Keynes, 
are entirely consistent with the Keynesian theory of interest. 

On the other hand, the Radcliffe view turns out to be superficial. 
While it is no doubt true that a realization of continuing inflation must 
lead to an alteration in the relative yields of bonds and equities, there is 
no reason why equilibrium should not be restored by a rise in equity 
prices rather than a fall in bond prices. The strongest case for their view- 
point must rest on the possibility that ro rise in equity prices will be 
sufficient for this purpose. It could then be argued that the prospect of 
inflation must force up the rate of interest. Even here, however, the 


1 Radcliffe Report, para. 574. 
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influence is mainly indirect and works through government policy. If it 
wished, the Government could allow equity prices to go on rising without 
limit. Perhaps fortunately, it normally takes steps which prevent this 
happening. 

These theoretical conclusions do not seem to me to be invalidated by the 
history of the phenomenal rise in interest rates that has taken place since 
1947. The influence of the factors discussed above has surely been over- 
shadowed by the influence of government policy in respect of the supply 
side of the market. By preventing the quantity of money from rising 
pari passu with the Gross National Product, by increasing the National 
Debt in order to finance the nationalized industries,! and by their funding 
operations, the authorities themselves have done quite enough to explain 
the broad change in the long-term rate of interest that has occurred. 

Even in the summer of 1957, when the inflationary scare was at its 
height, the currently accepted version of events seemed to get the causal 
sequence partly wrong. Towards the end of 1956 there was a general ex- 
pectation in the market that interest rates would fall, and the authorities 
zealously took the opportunity to do some funding. When finally Bank 
rate was lowered to 5 per cent. from 5} per cent. on 7 February 1957, 
the authorities went out of their way to extinguish any hopes that 
long-term interest rates would continue to fall.2 The consequent dis- 
appointment caused a fall in bond prices, which, together with the wage 
claims that were then pending in the industrial sector, touched off a wave 
of comment in the financial press drawing attention to the inflationary 
situation. Although admittedly this comment reacted back on the market 
for securities, initially it was the fall in bond prices that caused the greater 
awareness of the inflationary danger, and not vice versa. It is indeed 
ironical that the fall in bond prices, brought about by the authorities’ 
orthodox anti-inflationary funding operations, should have been taken 
as a symptom of inflation, and for that reason should have played some 
part in bringing about the crisis in the autumn. The authorities would 
have done better at the time to acknowledge the responsibility of their 
own—heavy—hand. 


The Queen’s College, 
Oxford. 


1 Cf. Radcliffe Report, para. 571. 

2 They did this by at once making clear their readiness to continue funding at existing 
prices. As if this were not enough, they underlined it, as early as 11 Feb., by announcing 
@ further issue of the unpopular 3}% Funding Stock 1999-2004 on terms ‘strictly in accord 
with current prices’. Cf. Radcliffe Committee, Memoranda I, p. 32, para. 122. 





LIQUIDITY AND THE MONETARY MECHANISM! 
By M. GASKIN 


THE commonest reaction to the Radcliffe Report when it appeared was to 
praise its description of the financial system, but to criticize its analysis on 
the score of various inconsistencies. After longer consideration I think that 
its most striking feature will be found in its underlying consistency of view 
as to how the monetary system works. This view, as clear and pervasive 
as that which informed the Macmillan Report, may be roughly character- 
ized as one which regards the monetary system primarily as a complex of 
institutions and markets supporting numerous flows of funds, rather than 
as a group of institutions providing a stock of means of payment. There 
have been a number of forerunners of this approach in recent monetary 
writing,” but in essence it represents a return to the older emphasis on the 
role of ‘credit’: credit regarded not, as has tended to be the case in recent 
years, as ‘bank credit’ (and therefore money), but—to take the wider 
definition of Lavington—as ‘a condition which enables a person to extend 
his control as distinct from his ownership of resources’ .* 

In the Report this doctrine comes out in two ways. It appears explicitly 
in the treatment of the financial institutions, and especially of the banks. 
These are presented primarily as lending institutions and only in the second 
place as creators of means of payment; as such they fall into place (an 
important one, nevertheless, because of their size) alongside all the other 
intermediaries operating in the capital market. But, secondly, it is im- 
plicit in the Radcliffe conception of ‘liquidity’. This is an enlarged con- 
ception—compared, that is, with a narrow definition of liquidity in terms 
of money supply. If it is analysed closely it implies a particular view of the 
transferability of funds within the financial system which amounts to a 
model of the monetary mechanism. 

The object of this paper is to elucidate this model and to consider its 
plausibility in the light of empirical evidence. The best approach is to take 
the Radcliffe concept of ‘liquidity’ and analyse it, and this we de in the two 
following sections. After that, and before turning to the empirical data, 


1 In writing this paper I have benefited by the comments and advice of Professor T. 
Wilson. For the final result I am solely responsible. 

* The obvious ones are J. G. Gurley and E. 8. Shaw: see, for example, their article ‘Finan- 
cial Aspects of Economic Development’, The American Economic Review, xlv (1959), pp. 
515-38. This gives an extreme version of some of the doctrines of the Radcliffe Report. A 
closer anticipation of it, in many ways, is H. B. Rose’s ‘Monetary Policy and the Capital 
Market, 1955-56’, The Economic Journal, xvii (1957), pp. 397-414. 

* The English Capital Market (London, 1921), p. 15. Professor E. V. Morgan traces this 
view back to the ideas of the Banking School in the great monetary debates of the nineteenth 
century: see Not Unanimous, ed. Arthur Seldon (London, 1960), p. 19. 
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two issues raised by the model, one theoretical and one logical, are briefly 
discussed. 


The Radcliffe View of Liquidity 


The most extended account of the liquidity concept in the Radcliffe 
Report is in paragraphs 388-93: here the Committee gives its own inter- 
pretation of liquidity by contrasting it with the traditional emphasis on 
the supply of money as the important limiting quantity in the monetary 
system. To quote the Report: 

Though we do not regard the supply of money as an unimportant quantity, we 
view it only as part of the wider structure of liquidity in the economy. It is the whole 
liquidity position that is relevant to spending decisions, and our interest in the supply 
of money is due to its significance in the whole liquidity picture. A decision to spend 
depends not simply on whether the would-be spender has cash or ‘money in the 
bank’, although that maximum liquidity is obviously the most favourable spring- 
board. There is the alternative of raising funds either by selling an asset or by 
borrowing ; and the prospect of a cash flow from future sales of a product both en- 
courages commitment beyond immediately available cash and makes borrowing 
easier. The ease with which money can be raised depends on the one hand upon the 
composition of the spender’s assets and on his borrowing power and on the other 
hand upon the methods, moods and resources of financial institutions and other 
firms which are prepared (on terms) to finance other people’s spending. (389) 


and later: 


The decision to spend thus depends upon liquidity in the broad sense, not upon 
immediate access to the money. . . spending is not limited by the amount of money 
in existence ; but it is related to the amount of money people think they can get hold 
of, whether by receipts of income (for instance from sales), by disposal of capital 
assets or by borrowing. (390). 


In these two quotations liquidity is pictured as depending on access to 
funds through borrowing or through the sale of assets. But elsewhere 
liquidity is described in terms of the stock of assets held: for example in 
attempting to predict the monetary conditions of the 1960’s (478-9) the 
Report begins with an account of the amounts of liquid assets heldin various 
sectors of the economy. I think that this variation of definition points to 
two aspects of liquidity as the Committee sees it. On the one hand it has 
a ‘stock’ aspect, looking at the amounts and types of assets held ; here the 
liquidity doctrine of the Report holds that in assessing the state of liquidity 
we must take account of a range of highly liquid assets of which money 
itself is only one. On the other hand liquidity has a ‘flow’ aspect in that it 
has something to do with the transfer of funds from holders to would-be 
spenders. This distinction cannot be pushed too far, as we shall see, but 
it is a useful one to begin with. It suggests two preliminary lines of inquiry. 
First, we must look closely at the stock of liquid assets to see just what 
significance attaches to assets which are highly liquid without being quite 

4520.3 U 
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money. Secondly, we must look at the processes and institutions whereby 
liquid funds are channelled from non-spenders to spenders, to see what 
part they play in liquidity. 

Money is by definition the most liquid of assets, but many other types 
of assets have the quality of liquidity as we now apply the term: they are 
easily marketable and they are comparatively free from capital risk. 
Liquidity varies almost continuously, so that it is possible to place all 
assets on a graduated and continuous scale stretching from money at one 
end to assets of the very lowest liquidity at the other. 

If we look closely at liquid, non-money assets we can distinguish two 
elements that singly or together form the basis of that liquidity. One, 
always present, is the time factor. A quickly maturing asset like a bill is 
liquid because it is going to become money very soon ; and, basically, the 
same is true of an asset like a short-term deposit which carries a perpetual 
option of ‘withdrawal’ at short notice. The other important element, 
present in some but not all liquid assets, is what I shall call ‘encashability’. 
By an ‘encashable’ asset I mean one that is, or will be, convertible into 
liquid purchasing power under all conceivable (monetary) circumstances.! 
The most obvious group of encashable assets are the short-term obligations 
of the Central Government: treasury bills, short bonds, National Savings 
certificates, defence bonds, plus obligations like deposits in Trustee Savings 
banks which have a government guarantee. All these assets can or will 
become cash under all monetary conditions, for the simple reason that the 
legal tender in which they are payable is itself merely one more form of 
government debt, and the State is at all times free to substitute it for any 
other form of its debt. 

Outside the obligations of the State there is one other important encash- 
able asset : a time deposit in a commercial bank. Granted that time deposits 
are a shade less liquid than demand deposits, then they are encashable in 
our sense in that, in the British banking system, with its common ratio of 
reserves against both types of deposit, the transfer of balances between 
time and demand accounts meets no institutional obstruction.? Another 
example of a private obligation which is encashable is a bill which is 
eligible for re-discount at the central bank. From many points of view 
there is little to choose between encashable assets and money: none of 
them are immediately spendable, but all are potentially so, within a period 
ranging from as long as it takes to visit a savings bank up to a few months ; 


1 My ‘encashable’ assets are the same as Professor Paish’s ‘unsqueezeable’ assets: see 
‘What is this Liquidity ?’, The Banker, Oct. 1959. 

* A substantial transfer of funds to current accounts would lead to a drain of currency 
into circulation, but this would obstruct the process only if the State placed limits on the 
currency circulation, or if the authorities otherwise failed to offset the effect of the drain on 
the banks’ liquid assets. The British monetary authorities normally do take such offsetting 
action. 
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and while probably the greater part of these assets are, as the Radcliffe 
Report says, firmly held, asset-holding habits can change and there is no 
question that they are an important factor in the monetary situation. 

The line between encashable and non-encashable assets is not an easy 
one to drew, but if we take, say, the shares and deposits of building 
societies, deposits with finance houses, or trade bills, we are clearly in a 
range of assets which, while regarded by their holders as liquid, are on a 
different footing as regards convertibility into cash from, say, defence 
bonds or treasury bills. Some non-encashable assets are of course ‘covered’ 
by encashable assets, represent the holding of encashable assets at one 
remove, and as such must be placed in this class; but the rest depend for 
their liquidation on the liable parties getting hold of cash. This in turn 
depends fundamentally on ‘shiftability’, the ability to find someone willing 
to take over the assets in question (in some cases the underlying assets) 
and to surrender cash. 

We know from the past discussion of the question that ‘shiftability’ 
wears a different aspect according to whether one takes up a microeconomic 
or a macroeconomic standpoint : the liquidity of a particular bill, or a parti- 
cular building society share, is a different matter from the liquidity of all, or 
of a very large proportion of these assets. Both aspects are relevant to the 
total liquidity situation. The fact that each individual holder of these 
assets feels that he can shift them when he wants to, regardless of whether 
this is possible for all such holders, is a basic reason why they are held. But 
if there arises a widespread desire for the liquidation of such assets then 
the ‘shiftability’ problem is carried on to the macroeconomic plane. It is 
a situation of this kind that we are really concerned with: what we want 
to know is whether or not, and how far, the liquidity of the system in the 
broad sense, will feed a general monetary expansion. In such an expan- 
sion there must be, overall, a net demand for cash by spenders, and a 
corresponding pressure to shift out of non-cash assets ; for acts of spending 
(as distinct from decisions to spend) unquestionably require the possession 
of money here and now, the promise of money very soon will not do. 

But does this distinction between individual and overall liquidation 
really matter? One can think of situations where it certainly has mattered. 
In the financial panics of the nineteenth century the liquidity of the very 
shortest assets could disappear overnight, because of the overwhelming 
demand for cash. But nowadays nobody would regard this kind of extreme 
liquidity crisis as at all likely ; long before this position was reached the 
central bank would step in to ensure the liquidity of the whole system. 
But short of extreme situations like this is it the case that non-encashable 
assets are, for all practical purposes, encashable, even in the aggregate ? 
For example, does the fact that the Bank of England stands ready to 
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guarantee the liquidity of the system, and does act with this intention 
quite frequently (‘smoothing’ operations aside)—does this fact mean that 
the authorities are ensuring a kind of aggregate liquidity, which would not 
otherwise be there, to the wide class of short assets? Leaving aside con- 
ditions of extreme crisis I think the answer is no. The authorities ensure 
liquidity at a price—bank rate—and their action in doing this can be 
regarded from one point of view as a price fixing operation: it puts a ceiling 
on certain short-term rates. If the price were free to rise the system might 
be able to keep itself liquid ; that is to say, it might be possible to meet the 
total of claims on the money stock exerted from the possession of non- 
encashable assets, by the drawing of money from idle balances. In the 
absence of hard facts whether or not one believes that a substantial en- 
cashability could be conferred in this way on non-encashable assets—as 
well as on encashable assets with some time to run which are also competi- 
tors for the existing money stock—depends on one’s view of the willingness 
of holders of money to part with it in return for existing non-money assets, 
or for similar assets newly created. 

The position taken in the Radcliffe Report is that the system can keep 
itself liquid with very little rise in interest rates. The following quotation 
makes this point: 

The other classes of liquid assets [i.e. other than money]. .. are inferior, in con- 
venience to the holders, and this inferiority has to be compensated by the payment 
of interest. If there is less money to go round, in relation to the other assets (both 
physical and financial), it will only be held by people willing to make a greater 
sacrifice in order to hold it: that is to say, rates of interest will rise. But they will 
not, unaided, rise by much because in a highly developed financial system ... there 


are many highly liquid assets which are close substitutes for money, as good to hold 
and only inferior when the actual moment for a payment arrives. (392) 


If we look at it in terms of functions we can express this point by saying 
that the elasticity of supply of money is high, and that the stock of near- 
money assets is a factor which operates to make it so. To complete this 
view of the matter, to make it a more comprehensible model, one must 
bring in the concept—which the Radcliffe Committee rejects—of idle 
balances. But we will argue this point more fully later, when we have 
looked at the flow of liquid funds. One thing that has emerged in the dis- 
cussion so far is that owing to the fact that acts of spending require money, 
liquidity in any sense other than the possession of money, or of assets which 
are completely encashable in our sense, necessarily involves a flow of funds 
from buyers to sellers of assets. But this is not the only type of flow trans- 
action and we will now look at the others. 


Liquidity and the Flow of Funds 
In the enlarged view of liquidity in the Radcliffe Report great emphasis 
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is laid on the flow of funds to spenders through borrowing or the sale of 
assets. Borrowing brings in the various channels of finance and these are 
fully and authoritatively described in the Report. Here we shall confine 
our discussion to a few points which bear upon the questions which we are 
asking. One can make a broad, if rough, division between direct channels, 
and indirect channels of finance. Direct channels convey funds from ulti- 
mate lenders to ultimate spenders without an intervening agent (other 
than perhaps a broker of some kind). Examples of direct channels are 
(with some qualifications) the new issues market and local authority 
short-term borrowing ; but of course a wide variety of loan and sale opera- 
tions would come into this category. The indirect channels are those that 
involve the financial intermediaries like the banks, building societies, and 
insurance companies—institutions that create claims on themselves as 
part of their channelling function. 

Of the direct channels one of the most important is that of trade credit ; 
and the Radcliffe Committee’s attention to this type of finance will do 
much to reverse the past neglect of it. The section of the Report which 
discusses trade credit comes in the end to what is, I would think, the 
accepted view ‘that trade and industry cannot generate additional net 
credit out of the dealings of one business with another’ (302); but on the 
way there it seems not always to be completely convinced of this. The 
effect of trade credit is, surely, to redistribute and not to create purchasing 
power. A firm can only extend credit to the extent that it is receiving it, 
or that it possesses cash to allow it to meet an increase in payments 
relative to receipts. Since income claims on business as a whole have to be 
met in cash, an increase in the total of outstanding trade credit requires the 
existence of equivalent stocks of cash to draw upon. (The only exceptions 
to this are when profit-takers forgo immediate income, or depreciation 
allowances are drawn upon to extend credit.) But it is undeniable that the 
net expansion of trade credit is a potent way in which stocks of idle cash 
can be drawn into active use, and thus give elasticity to the monetary 
system. 

Indirect channels of finance, running through the intermediaries, present 
some complexities. One group of them, the banks, have customarily been 
singled out from the rest because the liabilities they create are used as a 
medium of exchange. The Radcliffe Report comes out strongly against 
this emphasis: it prefers to regard the banks primarily as lending, rather 
than credit-creating, institutions, and hence as merely one species of a 
wider genus. But the Report does recognize the unique quality of the 
banks’ deposit liabilities, as money ; and it can scarcely be denied that the 
volume of these deposits varies from time to time. This money-creating 
role of the banks marks them off from the other intermediaries and 
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complicates the conception of them as channels of loanable funds ; but the 
sense in which they are this when they expand credit is well enough under- 
stood. The banks behave more obviously as channels of funds (a) when 
they make a new advance on the repayment of an old one, and (6) when 
they make an advance following the sale of a gilt-edged security. The latter 
case is interesting for two reasons: first, it may involve the drawing into 
use of money balances previously held idle, a mechanism which, as we have 
indicated, plays an essential part in the Radcliffe analysis: and, secondly, 
it depends on the prior sale of a bond and is therefore open to influence by 
the current level of security prices. This latter point brings in the rate of 
interest: in the Radcliffe Report there is much emphasis on the vulner- 
ability of this and similar channels—and hence liquidity itself—to move- 
ments of interest rates. For present purposes it is enough to remark that 
in all cases where the banks are making loans within a constant total of 
assets and liabilities, they are only able to supply liquid funds to the extent 
that they are receiving them. 

The operations of the non-bank intermediaries—building societies, 
insurance companies, finance companies, &c.—have a more straight- 
forward air in that their borrowing and lending activities are conducted in 
an externally provided medium of exchange. But there is one complication 
in the fact that the liabilities of some of them (e.g. building societies and 
finance companies) are highly liquid and form part of the stock of liquid 
assets. We have already seen that short-term claims on non-bank inter- 
mediaries are non-encashable, in our definition of the term, so that the con- 
version of them into cash depends on the liable institutions acquiring cash 
to meet them. This means, in practice, that the liquidity of these claims 
depends on the flow of funds through these institutions. A non-bank 
intermediary has two broad sources of funds and two avenues of disposal 
of them. It acquires funds (a) from repayments of past loans, and (b) from 
‘new’ money ; and it disposes of them (c) in making new loans, and (d) in 
meeting demands for the conversion of existing lixbilities into cash." 
Conversion of liabilities into cash thus competes with new loans for the 
cash flowing in; but from the point of view of the liquidity needs of the 
economy as a whole either will serve. This means, incidentally, that 
the contribution of the non-bank intermediaries to the flow of funds in the 
economy—for example, the extent to which this part of the total flow is 


1 I am assuming, for simplicity, that cash reserves remain unaltered in absolute terms. 
If reserves are kept at a certain ratio of liabilities, then so long as net assets and liabilities 
are rising some part of the cash inflow will be put to reserve ; if net assets and liabilities are 
decreasing due to net repayment of liabilities, cash will be released from cash reserves 
to swell the outflow. On the whole cash reserves of these institutions are proportionately 
tiny; but reserves of government securities are much larger and if these are held at a con- 
stant proportion of liabilities, and some near-maturities are held, the same effects could follow. 
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helping to feed an expansion—is measured by their gross ir.flow (or outflow) 
of funds, and not by the net increase in their assets. 

But there is more yet to this intermingling of the stock and flow aspects 
of the non-bank intermediaries’ activities. The liquidity of the claims 
which these institutions create acts as an inducement to people to sub- 
stitute them for cash, and so reduces the demand for money to hold. This 
substitution is of great significance in the long-run, but it can operate in the 
short-run and is clearly one part of what the Radcliffe Committee had in 
mind in the passage quoted above (p. 278), where it speaks of the substitu- 
tion of highly liquid assets for money when interest rates rise. It can indeed 
be regarded as an example of the more general effect of the supply of near- 
money assets in increasing the elasticity of supply of money with respect 
to interest rates. As such it represents a positive contribution by the 
intermediaries to the liquidity situation in that it serves to induce a 
greater feeding of money into the flow of transactions, at particular times, 
than would otherwise occur: to the extent that they do this they are not 
simply passive channels. At least all this can happen in principle ; whether 
it does so in fact is a matter we will look at later in the light of the scanty 
information available. A conclusion of this discussion of the channels of 
finance, which i would emphasize here, is that with the obvious exception 
of credit creation by the banks, the acquisition of spending power through 
direct or indirect channels depends, like the liquidation of non-encashable 
assets, on access to part of the current stock of money. 


Liquidity and Money Supply 

The position we have reached is this: that the significance for monetary 
instability of the existence of a large stock of near-money assets, and of 
channels of finance like trade credit and the financial intermediaries, is that 
by facilitating the redistribution of liquid funds they may be the means of 
drawing idle money balances into active circulation. The Radcliffe Report 
refuses to follow this line of exposition. It recognizes that its analysis can 
be cast in terms of the velocity of circulation concept, but its references to 
this way of looking at things are disparaging. Take, for example, the fol- 
lowing statement: 

We have not made more use of this concept [velocity of circulation] because we 
cannot find any reason for supposing, or any experience in monetary history indi- 
cating, that there is any limit to the velocity of circulation ; it is a statistical concept 
that tells us nothing directly of the motivation that influences the level of total 
demand. (391) 


The implicit comparison here is with the income-expenditure approach. 
When it is a question of directing attention to the springs of effective 
demand few would dispute that the velocity concept is not so useful as the 
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income-expenditure approach.! But when the question at issue is that of 
understanding how the monetary system works then the income-expendi- 
ture apparatus is hardly a very useful one. Even if we believe that the 
monetary system is a completely plastic element in the situation it is 
surely necessary at some stage to argue the matter in terms of monetary 
concepts. 

When it refers to the velocity concept the Report always seems to be 
thinking in terms of average velocity. This is the least useful form of this 
approach ; the model that is required—and no one suggests that it is more 
than a model—is the one which regards the money stock as divided into 
active and idle balances.2 The Radcliffe position can be formulated in 
terms of this model as follows: the conditions of supply of money from idle 
balances are such that the money needed to feed an expansion can easily 
be obtained. As a consequence, the aggregate size of the money stock is 
not of prime importance ; more important are the channels through which 
funds flow, and in principle these are of equal significance. The drawing 
of money from idle balances will usually involve some rise in the rate of 
interest,? and this may affect the demand for loanable funds.‘ But if 
demand is unresponsive to interest rates in the short run—and the Rad- 
cliffe Committee, in common with much prior opinion, believes this—then 
the monetary system merely accommodates itself to the fluctuations in 
the real system. The Radcliffe position boils down to the view that the 
elasticity of supply of money from idle balances is greater than the elas- 
ticity of demand for loanable funds.5 


1 The velocity of circulation is no more—and no less—of a ‘statistical concept’ than the 
consumption function: both are statistical averages derived from historical data. The 
question is which is the more dependable relation, and undoubtedly the consumption 
function is more useful on this ground—-but partly because the really systematic collection of 
information has been organized round this approach. 

* It is, of course, easy to make the criticism that no balances are wholly inactive, but the 
essential point that the model expresses is this: that the speed with which payments follow 
one another in the circuit of transactions probably varies little (the stability in the velocity of 
circulation of currency supports this); and that what alters is the volume of payments, and 
with it the volume of money moving round the transactions cireuit. This increased use of 
money can reasonably be regarded as involving an activation of what was previously idle. On 
this question, cf. George Garvy, Deposit Velocity and its Significance (Federal Reserve Bank 
of New York, 1959), pp. 34-37. 

% The schedule of demand for money, at different rates of interest, may of course shift 
bodily, and this is probably a normal feature of the trade cycle. But as long as the expansion 
phase is anything more than feeble rates of interest will rise. In any case, shifts in the 
schedule do not materially affect the argument developed here. 

* This is the view of some of the early critics of the Report, e.g. Sir Roy Harrod, ‘Is the 
Money Supply Important ?’, Westminster Bank Reviw, Nov. 1959, and F. W. Paish, op. cit. 

* Cf. R. F. G. Alford and H. B. Rose, “The Radcliffe Report and Domestic Monetary 
Policies’, London and Cambridge Bulletin, No. 32, p. iii (in The Times Review of Industry, Dec. 
1959). These writers are critical of the Radcliffe analysis, although it seems to me to come 
near in essentials to what Mr. Rose himself said earlier in the article cited above (p. 274, note 2.). 
In a recent article, ‘Another Look at Liquidity’, The Banker, Mar. 1960, Mr. Rose seems to 
endorse the Radcliffe analysis though holding that it must cease to apply at some stage in 
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This approach raises several questions of which the important ones are 
empirical. In the following sections we shall examine some empirical data 
for the light they throw on the analysis. But before we do that there are 
two questions, one logical, one theoretical, which merit some discussion. The 
first concerns the consistency of the above analysis with one of the policy 
prescriptions of the Report. On policy the Radcliffe Committee express 
the view that ‘movements in the rate of interest have a central part to play 
in oringing about changes in liquidity’ (385), for ‘operations on the struc- 
ture of interest rates do, for institutional reasons, change the liquidity of 
financial operators throughout the economy’ (394). The reasons for this are 
given thus: ‘A rise in rates makes some less willing to lend because capital 
values have fallen, and others because their own interest rate structure is 
sticky’ (393). Does this view of the practical effects of interest rates con- 
flict with the underlying logic of the Radcliffe analysis ? On the one hand 
higher interest rates are the vehicle of an increased flow of funds, by en- 
couraging the substitution of short-term assets for money; on the other 
hand, they are presented as the means of blocking the channels of liquidity. 

One can argue that there is no inconsistency here in that two different 
rates of interest are in question. When the Report speaks of the easy sub- 
stitution of liquid assets for money (see the passage quoted above, p. 278) 
it is clearly short-term rates that are involved ; in this case the discouraging 
effects of low capital values on the sale of such assets is minimal or non- 
existent. Where the Roosa effect is being invoked it is rates on longer- 
term securities that matter most (but not all sectors of the long term 
market are necessarily affected, e.g. higher interest rates may have no 
inhibiting effect on new issues). One might say, then, that higher interest 
rates will block some channels, but will stimulate the flow of funds into 
others; and this would seem to bring the issue down to the empirical 
question of which of these two effects is the stronger. 

But one cannot so easily dismiss the logical issue. If the Radcliffe Com- 
mittee thinks a rise in interest rates will produce a net inhibition of the 
flow of funds then this is really inconsistent with an analysis which funda- 
mentally requires a net stimulation of the flow of funds accompanied by a 
rise in interest rates, when monetary expansion is under way. In fact, the 
weight placed by the Committee on the Roosa effect is not very plausible. 
The only clear case of vulnerability to it, among the institutions, is the 
banking system, and even here the Report finds some strong arguments 
against expecting too much of it.! It is true that any ultimate spenders— 
the decline of the ratio of the money stock to the national income. I think that no one would 
deny this in principle; but the important question is how far in practice the process of 
activating idle balances can go and one’s view of this wil! depend on empirical considerations 


some of which are discussed later. 
1 The main ones are the size of the banks’ portfolios—larger, for historical reasons, than 
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business firms, for example—who are holding investible reserves in the 
form of bonds will have their spending inhibited or reduced by a fall 
in bond prices. As far as firms are concerned the accounts of quoted com- 
panies show that holdings of marketable securities are substantial, but 
cash is easily the predominant element within ‘liquid’ assets, and the secu- 
rities themselves will include some treasury bills and short-dated stocks.! 

One other way in which high interest rates reduce liquidity was noted by 
the Radcliffe Committee. When interest rates are high, institutions whose 
own rate structures are sticky suffer a diminished inflow of funds. Here 
again only one clear case is given: the building societies. Superficially this 
runs counter to the Radcliffe analysis in that here is an important group 
of intermediaries which create short-term claims on themselves but which 
wiil tend, under boom conditions, to meet a diminished demand for these 
claims. But this kind of exception can be allowed since it is clearly a case 
of a relative redistribution in the flow of funds. What is deflected from this 
channel must flow elsewhere.?* 

The theoretical issue which calls for comment is the relation of the Rad- 
cliffe analysis to Keynesian theory. It has been suggested? that the Rad- 
cliffe Report is at variance with normal Keynesian analysis in holding that 
the velocity of circulation can accommodate itself to monetary expansion 
with only a small rise of interest rates, and that the two views therefore 
differ as to the ultimate tendency of the system to stabilize itself. It is the 
case that in the formal Keynesian analysis the rate of interest, as a major 


they would wish—and the fact that their portfolios lean heavily to short-dated stocks : but 
the Report also mentions the ability to recoup losses from higher rates on advances: see 
paras. 144-6, 507. There is another relevant fact not mentioned by the Report and perhaps 
not widely known. For purposes of taxation the banks are registered as dealers in securities ; 
this means that capital gains and losses on sales of securities are subject to income and 
profits tax. Practically, this results in the halving (almost) of losses on sales of securities, 
due to the operation of the tax system. 

1 In the two-year period 1956-7 the accounts of quoted companies in manufacturing and 
distribution showed that cash and tax reserve certificates were 64 per cent. of total liquid 
assets: see Economic Trends, No. 74, Dec. 1959, p. vii. 

* The funds may, of course, be tempted into treasury bills or bonds in which case the 
liquidity of the system is reduced absolutely. For some remarks on this by representatives 
of the building societies, see Committee on the Working of the Monetary System, Minutes of 


Evidence, QQ. 7308-9, 7352-3. 
. * . 


There is a criticism of the Radcliffe attitude to the money stock which has been made by 
Professor Paish and Sir Roy Harrod, that to increase the rate of interest for policy purposes 
it is necessary to reduce the stock of money relatively to other assets. I have not broached 
this point partly because it does not affect the argument developed here, and partly because 
I think that it is not wholly valid. It rests on the view that the bond rate is the cost of going 
liquid whereas this is not so: this cost is measured by the difference between the bond rate 
and the rate on, say, time deposits. If short-term rates are raised by bank rate going up, 
the whole rate structure will rise, including bond rate, without any reduction in the money 
supply. This point was made—though not in criticism of Paish and Harrod—by Professor 
Brian Tew in a talk he gave in the University of Glasgow in October 1959. 

* Alford and Rose, loc. cit. 
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determinant of equilibrium, is a ‘stabilizing’ factor. But this is purely 
within the context of static theory, and the equilibrium determined is a 
static equilibrium: so long as the functions intersect, and whatever the 
values of the various elasticities, the rate of interest will, formally, be a 
stabilizer. But the appropriate context in which to consider the Radcliffe 
analysis is that of the trade cycle. To say that the elasticity of supply of 
funds is greater than the elasticity of demand has no significance except in 
the context of shifts in the functions—particularly the demand function. 
It is only when one function moves on the other that relative elasticities 
play their part in stabilizing either price or quantity. Therefore I think 
that it is illegitimate to find a divergence between the Radcliffe and 
Keynesian analyses on this score. 

Where there is difficulty in reconciling the two approaches is in the con- 
cept of liquidity preference itself. If there is in existence a large volume of 
near-money assets part of which the holders of money can be tempted to 
acquire if interest rates rise slightly, then some questions arise. One would 
assume for example that holders of ‘speculative’ balances would already 
be holding such assets, since the capital risk is negligible or absent. This 
would seem to mean that speculative balances could not be a source of 
flexibility in the system. But of course the assets held by speculators might 
be encashable assets, e.g. time deposits, and if interest rates were very low 
to begin with they would very probably be holding demand deposits as 
well; when rates rise, the opening up of the structure of rates due to the 
stickiness of bank rates would then tempt them into more lucrative short- 
term assets (assuming they were still bearish about bonds). Failing this the 
Radcliffe analysis requires interest elasticity in ‘transactions’ and ‘pre- 
cautionary’ balances. There is empirical evidence of a general kind for a 
certain interest elasticity here, and some writers have given @ priori 
reasons for expecting it ;! but whether or not it amounts to as much as the 
analysis requires, we cannot say. 

It is a valid point to remark that in reality liquidity preference schedules 
are by no means fixed, and that cyclical shifts in them are probably 
important. But this in itself does not solve the problem of what kind of 
money is released: whether the release is induced by rising interest rates 
or by rising expectations, the source of the money has still to be explained. 
In the following section we shall jock at some evidence which suggests 
that the volume of idle balances is large; but it is not easy to suggest 


1 See Garvy, loc. cit.; also the memorandum submitted to the Radcliffe Committee by 
Mr. Nicholas Kaldor: Committee on the Working of the Monetary System, Memoranda, vol. 
3, p. 147, para 3. For theoretical treatments see: W. J. Baumol, “The Transactions Demand 
for Cash: An Inventory Theoretic Approach’, The Quarterly Journal of Economica, ixvi 
(1952), pp. 545-56; and J. Tobin, “The Interest-Elasticity of Transactions Demand for 
Cash’, The Review of Economics and Statistics, xxxviii (1956), pp. 241-7. 
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reasons for this. It is probable that people and institutions are less rational 
than, in theory, we assume. It is also possible that the precautionary 
motive—relegated, because of its vagueness to the lowest position within 
the triumvirate—is more important than has been thought.! It is probable 
that money-holding habits are not so fixed as we tend to assume and that 
one-way changes can and do occur. All this adds up to saying that the 
type-motives with which we operate in this field are theoretical categories 
and that we really know very little about actual money-holding. 


Idle Balances and the Flow of Funds: Empirical Data 

The validity of the Radcliffe doctrine of liquidity and credit turns ulti- 
mately on empirical facts. The most important question concerns the 
relative elasticities of the supply of money from idle balances and the 
demand for loanable funds. Another asks: what are the important 
channels through which funds flow to feed an expansion ? These two lines 
of inquiry are not separate since the observation of the flow of funds may 
be expected to throw some inferential light on the behaviour of money 
valances. The information that we have to help us in answering such 
questions is very scanty, but it has been increased by data published in the 
Radcliffe Report, and we may expect it to increase still further if the 
recommendations of the Report about the collection of data are put into 
effect. 

On the basic question of the supply of money from idle balances there is 
very little in the way of firm data to go on. There is the undoubted rise in 
the average velocity of circulation during the 1950’s, to the accompaniment 
of rising interest rates, but the value of this as evidence of the Radcliffe 
thesis is reduced by the fact that the movement began from a position 
of abnormal liquidity. One would like some indication of the scale of idle 
balances at present ; admittedly, to know their size would not tell us how 
easily they could be activated, but it might indicate the probabilities. 
There have been attempts, using various methods, to estimate the volume 
of idle balances. One of the most recent is interesting in that it suggests 
that these balances are very large indeed. Dr. A. M. Khusro, investigating 
liquidity preference and the rate of interest in the U.K. during the years 
1919-48, and using multiple regression analysis, obtained a figure for the 
standard income velocity of the active monetary stock (Keynes’s M,) of 
6-71 per annum.” On the basis of this one can produce a figure of the size of 


* On one role of the precautionary motive see R. F. Kahn, ‘Some Notes on Liquidity 
Preference’, The Manchester School, xxii (1954), pp. 239-50. Professor Kahn relates the pre- 
cautionary motive to the risk and uncertainty surrounding the views, as to future interest 
rates, which call the speculative motive into play. His discussion is, more than anything, a 
contribution to the theory of the speculative motive. 

® ‘An Investigation of Liquidity Preference’, The Yorkshire Bulletin of Economic and Social 
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the active monetary stock, and hence of idle money ; these figures for four 
separate years are set out in Table I. 

If Khusro’s figure is anywhere near the mark then the volume of idle 
balances is extremely large: in 1968 the stock of immediate cash—currency 
plus demand deposits—was twice as large as the required active money 
stock. The ratio was lower than those of the earlier years but it still showed 


TABLE I 


Gross National Product and M oney Stock 
£ millions. 

Active money 

stock Total cash stockt 

(~ a) (= currency +- 

Year | G.N.P. ~ 671 demand deposits) | Time deposits 


1928 4,280* 623 1,296 922 
1938 5,175 771 1,813 1,231 
1948 10,141 1,511 5,402 2,490 
1958 19,839 2,957 6,119 3,218 























* This is A. R. Prest’s estimate, as given in the London and Cambridge Economic 
Service. 

+ Deposits are current accounts deposits in Clearing and Scottish banks. Current 
accounts of the latter are estimated from percentages given in the Radcliffe Report 
(153). (In the case of 1928, the percentage is estimated from figures given in the 
Appendix to the Macmillan Report.) Currency is the estimated average circulation 
with the public; the 1928 figures exclude coin. 


a very comfortable margin of slack in the money stock, and this without 
bringing in time deposits and other encashable assets. Of course the whole 
of this margin might be very firmly held; but the very size of it would 
create a strong presumption of flexibility in the average velocity of circu- 
lation. Also Khusro’s result bears on this matter from another angle: his 
figure for the velocity of active money, besides leading to a high estimate 
of idle balances, would mean that only a comparatively small diversion of 
money into active circulation would be needed to support any given in- 
crease in money income. It must be said that Khusro’s figure for active 
velocity gives very much higher estimates of idle balances than were 
suggested by previous calculations', but there is one further fact that is 


Research, iv (1952), pp. 1-20. The results of this study are quoted in Professor A. J. Brown’s 
The Great Inflation 1939-51 (Oxford 1955), pp. 207-9. 

The regression equation used by Khusro is as follows: 

M Y 

mae ei: Soo 
r My 
where rf, is the yield on Consols, net of tax; M is the money stock; A is the stock of debt 
assets; Y is the national income; and k, is the reciprocal of the velocity of money in the 
active circulation. In the calculation of k,, he used data for the years 1926-48. 

1 For example, E. H. Phelps Brown and G. L. 8. Shackle, Statistics of Monetary Circu.- 
lation in England and Wales, 1919-1937. London and Cambridge Economic Service, 1938, 


rT, = a—b 
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worth mentioning. Between 1950 and 1958 there was a sharp rise in the 
average velocity of circulation ; during this period idle bank deposits must 
have declined since while G.N.P. rose by 72 per cent., total bank deposits 
rose by only 9 per cent. Yet during this period the proportion of time 
deposits within total deposits actually rose from 34 to 42 per cent. This 
increase in time deposits was no doubt stimulated by the rise in the deposit 
rate; but the fact that it was possible shows that there must have been a 
fair margin of play within demand deposits, and that the supply of active 
balances was not short even after a substantial rise in the average velocity 
of circulation. I think that this lends weight to Khusro’s findings, and 
supports the view of the monetary system as highly elastic, even after the 
big fall in the ratio of the money supply to the national income of the last 
decade. 

Finally, there remains to be seen what kind of light is thrown on the 
Radcliffe doctrine by the evidence, such as it is, of financial flows. To 
what extent do the various channels of finance act as siphons of money from 
idle balances into active circulation ? Before one attempts to answer this 
question from the facts there are preliminary difficulties of interpretation. 
How does one judge whether or not a particular channel is, in some sense, 
‘contributing’ to expansion? Merely to look at absolute figures wil! ..ot 
tell us much. Through some of the major channels like the non-bank inter- 
mediaries and the new issues market there are regular annual flows of 
funds which are the financial counterpart of the accumulation of real 
assets through time, and which form a normal part of the active circulation. 
In terms of the loanable funds theory of interest the problem is to decide 
what part of any given flow of funds comes from saving and what part 
represents dishoarding. Something like the relation between the rate of 
flow of funds through a channel and the rate of savings is a more significant 
measure, but even this is not a sure test since changes in the relative 
importance of various channels, and of the corresponding assets which are 
accumulated, are clearly possible. Would the evidence of, say, an increase 
in net trade credit outstanding or of bank advances (where the increase was 
at the expense of bonds) be less equivocal ? Not necessarily: trade credit 
can be increased from saving out of current income, while the purchase 


republished by the Royal Economic Society as Memorandum No. 74. This contains estimates 
of the total non-financial circulation during the period 1919-37, based on a very detailed 
estimate for 1930. From this, monthly estimates of the velocity of non-financial deposits 
were obtained: if one takes the highest of these (for May 1920) on the assumption that this 
represents the figure when idle current accounts were zero and applies it to the 1958 totals of 
bank clearings, adjusted according to the findings of Phelps Brown and Shackle, the result 
is a total stock of active non-financial deposits in the Clearing banks of over £4,000 millions. 
This is greater than the total of demand deposits in that year. 

1 The amount of currency in circulation with the public rose by 52 per cent. The velocity 
of circulation of currency was thus much less elastic than that of bank deposits, as one 
might expect. 
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of bonds from the banks may similarly be financed out of current 
saving. 

Nothing less than a complete picture of the flow of funds, over a fair 
period of years, will allow definite judgements on the sources of expan- 
sionary increases in the flow. Nothing like it is available. We must use 
what we have to reach a few provisional conclusions. In Fig. 1 (p. 290) 
annual figures of the movement of funds through a number of major 
channels, and of gross national savings (less stock appreciation), for the 
period of the 1950’s, are plotted on a semi-logarithmic scale. This scale 
allows us to compare rates of change in flows of funds with the rate of 
change of savings. 

The savings total being a figure of realized savings is open to objections, 
but a series extending over several years can reasonably be regarded as 
showing the trend of intended savings. In the case of insurance and pen- 
sion funds the total used is the annual gross acquisition of funds as given 
in Table 24 of National Income and Expenditure, 1959: itis assumed that the 
inflow of cash in each year was equal to the outflow (changes in cash reserves 
would falsify this, but the »alance-sheet figures of insurance companies, at 
least, justify neglecting this factor). The building society figures are 
totals of gross outflows of cash, withdrawals plus new advances plus 
management expenses,! and here there is a time discrepancy in that annual 
totals refer to balance sheets appearing on different dates (see Table 333, 
Annual Abstract of Statistics, 1959). The figures of local authority borrow- 
ing are net figures (from Table 39, National Income and Expenditure, 1959). 
They are unsatisfactory on two counts: first because they are not gross 
figures, and secondly because down to 1955 the great bulk of the funds 
were obtained from the Central Government, and this means that as a 
channel of funds they are not at all comparable with the others shown. 
However, it is worth while plotting them in the diagram to give some idea 
of how the flow of funds from them has behaved. The new issues totals are 
the estimates of issues for cash or in conversion of existing securities by 
public companies (Table 320, Annual Abstract 1959). Finally, the diagram 
shows the movements of the increases in total net trade credit given by 
quoted companies in manufacturing and distribution :? these are calculated 


1 The figure of new advances is itself a gross figure in that it includes a proportion of 
loans which merely pay off other advances. Such transactions merely represent a transfer of 
liabilities between individuals, and of assets within the system of building societies ; as such 
they have no significance for the monetary processes under analysis here, and should be ex- 
cluded. It is not possible to do this but provided we may assume, as we probably may, that they 
do not alter as a proportion of total advances, our present use of this series is unaffected. 

* Some comment is called for on the choice of the net increase totals. In principle, to 
show the extent to which trade credit is a channel for the activation of idle balances, the 
required figure would be the total of all net new extensions of credit (strictly, the total of 
increases in net credit outstanding of those units which show such increases, plus decreases in 
net debits outstanding of those firms which show such decreases). Only if we assume that 
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from the statistics published by the National Institute of Economic and 
Social Research in their pamphlet, Company Income and Finance, 1949-53, 
and continued by the Board of Trade (see Economic Trends, February 
1958, and February and December 1959). 


Saving and some fiows of funds,1949-58. 
Emiitions 


insurance 
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pensions 
funds 


Building 
societies 


Local 
authorites 





20 Trade credit 
(net increases) 
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| 
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During the 1950’s the flow of funds through insurance and pension funds 
has shown a steadily rising trend, with very little deviation ; the slope of 
this curve has been close to, though not identical with, the average slope 
of the savings curve (this has shown some slight fluctuations in rate of 
change). The curve of building society funds repeats this trend but with a 
the typical quoted company is normally a creditor, and not a debtor, of all other types of 
transactor, will the figures we have used approximate to the ideal indicator. Another total 
that might have been used is changes in trade credit received by quoted companies (e.g. as 
in Table 21, p. 360, of the Radcliffe Report), but this is open to the objection, for our purposes, 


that credit passed on from one firm to another can appear more than once in the total and 
hence give an exaggerated picture of the extent to which cash balances are being drawn on. 
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certain amount of fluctuation: the rate of flow of funds through these 
institutions was less than the rate of growth of savings in 1950-3, greater in 
1954 and 1955, less again in 1956 and 1957, and greater in 1958. These 
movements are clearly caused by the interest rate factor referred to in the 
Radcliffe Report and already discussed :! the very passiveness of the action 
that produces them precludes them from being included in the kind of 
substitution effects that the analysis of the Radcliffe Report rests on. Also, 
one would expect that the effect of the interest rate policy of the societies 
would be contra-cyclical. High interest rates in the boom will tend to 
deflect funds away from the societies, while the lower rates in the recession 
should cause a reflux ; and the events of 1956-8 support this. 

Of the various channels represented on the diagram trade credit and 
new issues show the largest degrees of fluctuation. Their behaviour presents 
much stronger evidence for the Radcliffe analysis than does that of the 
major intermediaries, in that they exhibit clear phases when the flows of 
funds through them were growing at much faster rates than savings, and 
consequently when there was a clear possibility that some of these funds 
were coming from idle balances. Of course, these two channels are not 
independent of one another: firms can extend new credit with the funds 
derived from new issues. Also, in neither case can the flow of funds through 
these channels be said to depend on an interest rate inducement ; to a large 
extent they are co-ordinated with cyclical changes in expectations and 
sales. However this is not inconsistent with the broad tenor of the Rad- 
cliffe analysis: the essential point is that flows of funds provide the means 
of meeting an increased transactions demand for money. 

If we had suitably long series of figures for the gross flows of funds 
through the H.P. finance companies and the unit trusts, as well as the 
flow of short-term private funds through the local authorities, these would 
certainly provide examples of institutional flows which in recent years 
have increased at much faster rates than savings. But in bringing these 
forward in support of the Radcliffe model one must be cautious. It is 
clear, for example, that the recent spectacular growth of these channels is 
not simply a cyclical phenomenon. High interest rates and tight (bank) 
credit conditions have played their part ; but the movement of funds into 
these channels has also been due to new attitudes on the part of asset 
holders and to developments in the institutions themselves, and it is not 
going to be precisely reversible. (For example, firms that have recently 
learned, with the help of a new group of intermediary brokers, to deposit 
unwanted money with finance houses, are not going to unlearn it.) How- 
ever, the effect of these developments is to alter the financial structure 

1 Above, p. 284. See also H. B. Rose, ‘Monetary Policy and the Capital Market, 1955-56’, 
The Economic Journal, ixvii (1957), pp. 411-12. 
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in a way which brings it nearer to that assumed in the Radcliffe 
analysis. 

Outside the institutional and trade channels there are of course the 
many, less formal ways by which funds from personal cash balances pass 
into the hands of borrowers, or perhaps directly into circulation by the 
purchase of goods at rising prices. These are probably important factors 
in monetary fluctuations but we know nothing about their scale. The 
conclusion from the data examined here is that they give a qualified 
support to the Radcliffe analysis. Not all the channels of funds appear to 
act as this doctrine requires, but some important ones do, and there are 
others for which firm figures are lacking but the existence and growth of 
which clearly increase the chances of destabilizing monetary flows. 


Conclusions 

Where the basic supply of anything is unlimited it is the channels 
through which it flows that control the effective supply. We have seen 
some evidence here to suggest that the money supply is wide enough to 
accommodate the liquidity needs of a level of money income very much 
higher than the present one, and recent experience suggests that enough of 
this can be tempted into active circulation to allow monetary expansion 
to occur. If we accept this view of the matier then the Radcliffe philosophy 
with its emphasis on the channels of ‘credit’, in the wider traditional sense, 
rather than the creation of ‘credit’, in the narrower sense of ‘bank credit’, 
presents us with a more realistic model of the system than that implied in 
the ‘philosophy or the cash base’ (to use Lord Robbins’s phrase). Here we 
have shown that the Radcliffe view needs to be qualified in that not all the 
channels along which money flows act as the analysis requires; never- 
theless some important ones do. 

However, the criticism of the Radcliffe approach remains, that the mech- 
anism cannot be understood without according a vital place to the mone- 
tary stock. The significance of liquidity in a wider sense than the supply 
of money is that the existence of a volume of short-term assets, as well as 
the machinery for creating new ones, are important vehicles for adapting 
the monetary stock to the needs of a fluctuating economic system. This 
leads on to a further point concerning the usage of the term ‘liquidity’. 

1 Cf. Warren L. Smith, ‘Financial Intermediaries and Monetary Controls’, The Quarterly 
Journal of Economics, |xxiii (1959), pp. 533-53. This article presents evidence to show that some 
major non-bank intermediaries have not contributed to instability in the U.S. in the mid-fifties. 
The main factor in monetary expansion is found to have been increased bank advances, 
financed mainly by the sale of bonds, but partly by the release of reserves due to a switch from 
demand to time deposits (stimulated by higher rates of interest). Smith's argument seems 
to me to damage the Gurley and Shaw thesis, but not the more broadly based Radcliffe version 


of this model. The importance which he attaches to bond sales in the activation of idle 
balances is also in line with the policy prescriptions of the Report. 
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In effect our analysis of the Radcliffe doctrine of liquidity has brought us 
to the point where it appears as an aspect of financial structure and mech- 
anism. If the money supply necessary to accommodate wide fluctuations is 
there, and if the channels by which it is conveyed exist for the most part 
as structural features of the financial system, does the term ‘liquidity’ in 
the sense of a state that can vary from one time to another (and yet is not 
synonymous with money supply) relate to anything that really exists or 
happens in the system ? If the Radcliffe view of the effectiveness of interest 
rates in blocking the channels of credit were acceptable, then I think that 
one could give an affirmative answer to this question. Or one could do this 
if it were possible to find some mechanism whereby what used to be called 
the ‘state of credit’, meaning the general confidence of lenders, could be 
caused to vary. But the arguments for the Roosa effect; do not seem to be 
strong enough, while short of almost unthinkable crisis conditions the very 
strength of the modern financial system (as well as 15 years of full employ- 
ment) seems to preclude the finer variations in the state of credit. This 
means that under examination the liquidity doctrine of the Radcliffe 
Report tells us something about the structure and operation of the mone- 
tary system, rather than indicates a qualitative and controllable condition 
within it. 

There is one final question to ask, bearing on policy. If control over the 
supply of money offers little hope, because it is already so large, and if the 
channels of liquidity cannot be influenced by interest rates, how may 
the supply of loanable funds be controlled ? The answer must lie in more 
direct measures of control over some of the channels themselves—controls 
comparable in form and effectiveness to those possessed over the banking 
system itself. The problem is a formidable one, as the Report makes clear: 
but if we wish monetary policy to have anything more than a minor 
mildly pervasive influence, we have to start thinking along these lines. 


University of Glasgow 





THE ECONOMICS OF NUCLEAR AND 
CONVENTIONAL COAL-FIRED STATIONS IN 
THE UNITED KINGDOM! 


By K. D. GEORGE 


THE most important application of nuclear energy at present is for the 
generation of electricity. The factors affecting the economics of nuclear 
power, however, differ greatly in importance between countries. The 
economics of nuclear power depends, for instance, on the cost of power 
generated from alternative sources of energy such as coal and oil, which in 
turn depends on the supplies of economically workable deposits of these 
prime movers relative to the total demand for energy. In the U.S.A. and 
U.S.S.R. there are abundant supplies of conventional fuels at low cost and 
this has been a factor tending to make the economics of nuclear power less 
favourable than in the U.K. where the supply of conventional fuel relative 
to demand is much smaller. The size of countries and the importance of 
transporting conventional fuels over long distances is another important 
factor affecting the economics of nuclear power, for whereas the cost of 
transporting coal by land, for instance, in terms of the unit cost of power, 
is a very important item in the make-up of conventional power cost, the 
cost of transporting nuclear fuel is negligible because of its high energy 
content per unit weight. With regard to this factor it would seem that the 
prospects for nuclear power are brighter in the U.S.A. and U.S.S.R. than 
in the U.K. This article, however, is concerned only with the U.K. and any 
conclusions arrived at may not be applicable elsewhere. 

There can be little real understanding of the economics of nuclear power 
without some knowledge of the technique by which nuclear power is 
generated. The most important factor is that there is no known practical 
way of generating electricity on a large scale withou* going through a heat 
cycle. The first stage is to create heat to generate steam ; next comes the 
transformation in the turbine of the heat of the steam into mechanical 
energy, and finally the mechanical energy is converted into electricity in 
the generator. The only difference between a nuclear and a conventional 
power station is the source of heat ; the furnace of the conventional plant 
is replaced by the reactor unit of the nuclear plant. Since the reactor unit 
only replaces the furnace of the conventional station, it is still necessary to 
sve boilers, turbo-alternators and condensor sets, &c. This fact largely 
explains the high capital cost of the Calder Hall type of nuclear power 
station, as compared to conventional ones. The importance of the reactor 


1 This article is based largely on a summary of part of an M.A. dissertation, presented to 
the University of Wales in June 1959, entitled the ‘Economics of Nuclear Power’. 
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unit in the make-up of the capital cost of the Calder Hall type of station 
can be seen from the following approximate breakdown of the capital costs 
of the Bradwell Power Station, made by the Nuclear Power Plant Company. 


Reactor unit (excluding civil works) . : : . 55 
Generating plant . ‘ . , . ? - 10 
Auxiliary plant (switchgear, transformers, &c.) . . 10 
Civil and building works . : : : ‘ . 25 


The other important technical factors concerning the Calder Hall type 
of station are the need for a large complement of fuel in the reactor before 
a controlled chain reaction and, therefore, a steady flow of heat can be 
sustained ; the importance of achieving a fairly high level of irradiation in 
the fuel so as to keep fuel replacement requirements low, and the fact that 
in operating the stations a by-product plutonium is produced, which has 
value because it can be used as a nuclear fuel. 

Neglecting such problems as the balance of payments and arguments of 
prestige, the decision as to whether to rely primarily on one source of 
energy or on another depends upon a number of measurable factors. All 
the items which make up the cost of generating electricity may be esti- 
mated and the resultant costs of different systems, under assumed con- 
ditions, compared directly. There are, however, difficulties arising from 
the fact that we are interested not in the past, or even in the present, but in 
the future. The first commercial nuclear stations will not be commissioned 
until 1961, and since power stations have useful lives of upwards of 20 
years, it is not the comparative costs at one particular date that are impor- 
tant, but the average costs over the whole lives of the power stations. The 
costs of the various inputs which make up the cost of generating electricity, 
must, therefore, be calculated as an average over the relevant period. A 
further difficulty arises from the fact that when dealing with nuclear 
power stations, owing to the lack of commercial experience, a number of 
assumptions have to be made (e.g. on the life of the plant, and on the 
level of fuel utilization) and it must be seen whether these are so uncertain 
as to destroy the validity of the comparisons which are made. Again, the 
factors governing the siting of nuclear and conventional stations are dis- 
similar, so that cost comparisons depend a great deal on the cost of trans- 
port of conventional fuels. The problems involved in a comparative cost 
analysis of nuclear and conventional stations are, therefore, complex ones. 

The cost of nuclear power stations is made up of two items; the invest- 
ment in the reactor unit, generating and auxiliary plant, civil and building 
works, and the initial fuel charge ; and the annual running cost made up of 
fuel replacement, operation and maintenance, &c. 

The construction costs of the early nuclear power stations can be fairly 
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accurately determined, since they are on fixed price contracts. The contract 
price for the Huntersten Station at 1957 prices is £37-5 million. With 
plant of such novel character as the reactor, it would be imprudent not 
to allow for contingencies, and the capital cost given includes a contin- 
gency allowance to meet any additions to cost which may arise due to 
modifications made to the design of any parts ot the plant, as a result for 
example, of further experience gained from the operation of Calder Hall. 
It does not include, however, site development, and other charges of the 
electricity authority. 

In converting the construction cost of a station into a unit capital cost, 
i.e. £ per KW. installed, there are a number of factors to ve considered, 
which cannot be taken for granted. 

Firstly, the actual net output of the station cannot be known with abso- 
lute certainty before commencement of operation. Output may be less than 
expected, or on the other hand, the designer may have been over-cautious 
in his estimate, and the reactors may be capable of greater outputs. 

Secondly, the length of life of the plant cannot be accurately known in 
advance since there is no past experience on which to base estimates. 
However, an operating life of 20 years is regarded as the minimum which 
can be expected from the Calder Hall type of reactor. 

Thirdly, there is the question of capital charges consisting of two com- 
ponents, amortisation and interest. 

In the case of conventional power stations it is customary to amortise 
the capital charges on the steam generating plant over periods of 25 years, 
and 40 years for building and civil works, the assumption being that it 
will prove economically favourable to replace plant or subject it to major 
overhaul within the compass of the existing civil and building works. It 
would not, however, be possible to adopt this system for nuclear power 
stations. Because of temperature limitations in the early reactors, the 
steam temperatures and pressures will be low by modern conventional 
standards, so that steam turbines will be old fashioned according to present 
ideas. It is confidently expected that higher steam temperatures will be 
possible as reactor technology develops. As well as the generating sets, the 
reactor and its component parts will change in design and size as a result of 
technical progress. It is necessary, therefore, to amortise the whole of a 
nuclear power station over the estimated useful life of the reactor since 
owing to technical progress, it will not be economical to house the reactor 
and generating sets of a new nuclear power station within the civil and 
building works of an old one. 

The factors which cause a decline in the value of an asset are usually 


1 See R. N. Millar, Hunterston Power Station. Second United Nations Conference on the 
Peaceful Uses of Atomic Energy, Aug. 1958. Geneva. 
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divided into two categories,—depreciation, which arises from factors in- 
trinsic to the asset such as wear and tear; and obsolescence which arises 
from factors extrinsic to the assets, such as changes in manufacturing 
technique. Both factors must be taken into account in deciding the useful 
life of the asset in question, and whichever factor is the more important, the 
steps which have to be taken in the meantime are the same—the amortisa- 
tion fund must have matured to the necessary value at the end of the assets’ 
economic life. As far as the size of the fund is concerned, therefore, there 
is no need to distinguish between depreciation and obsolescence. It is useful 
to distinguish between the two, however, in order to understand the factors 
determining the anticipated useful life of a nuclear power station. 

Since the provision for meeting amortisation changes has to be com- 
menced at the beginning of an assets’ life, it follows that the size of the 
annual additions to the fund depends on the estimate made concerning the 
life of the asset. This is particularly important in the case of nuclear power 
stations where, owing to the absence of past experience, no accurate esti- 
mate of the life of the plant is possible. 

It has been seen that the physical life of the reactor is expected to be 
shorter than the facilities which it replaces, and to allow for this more 
rapid depreciation, a life of 20 years is assumed for a nuclear station as 
against 27 years for the overall life of a conventional station. 

There remains the important problem of obsolescence. Owing to this 
factor there is no essential connexion between the performance of a machine 
and either its life or scrap value. Any machine, no matter how perfectly it 
operates, will sooner or later be superseded, and though in excellent 
working order its transfer value may be worth little or nothing owing to 
its specificity, and its scrap value will also, therefore, be small.1 The 
important question is whether there will be a long-term downward trend in 
nuclear costs which will result in a higher obsolescence rate for nuclear 
power stations than is now normal for conventional power plant. If there 
is reason to expect that improvements in nuclear technique will so reduce 
generating costs in the future as to require a faster rate of obsolescence 
than in the past, both conventional and nuclear plants will be affected. 
Whether a nuclear or a conventional station is constructed, account wi!l 
have to be taken of the anticipated decline in nuclear power costs. Since, 
however, the construction cost of the early nuclear power stations are much 
higher than those for a conventional station, any shortening of the eco- 
nomic life of power stations will have a more adverse effect on the economic 
position of the early nuclear stations.” 

1 Electrical machinery in particular has, owing to the wide diversity of possible variations 
(size, voltage, frequency, &c.) poor scrap value. 


* The importance of the obsolescence factor as far as current estimates of the cost of power 
from the early nuclear stations is concerned, arises only if technical progress is likely to 
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With a given satisfied demand for electricity, the problem of whether a 
nuclear station should be replaced by a newer one before the end of its 
useful life based on depreciation considerations, depends on the relation- 
ship which exists between the total cost of power from the new station, 
and the prime cost of power from the existing station. Units produced by 
the old station will be replaced by units produced by a new station, only if 
the latter can produce such units at a total cost less than the prime cost 
involved by producing them in the old station. It seems unlikely that 
technical progress will proceed at such a rate as to result in such a situation 
within the estimated 20-year life of the early stations, especially since the 
prime cost of power from the latter is expected to be very low (see estimate 
of costs given below). 

Owing to their low running costs, the nuclear power stations now being 
built are suitable for operations at base load,’ and with more advanced 
nuclear power stations being built to satisfy an increasing demand for 
electricity, whether the early nuclear stations can keep their position as 
base load plant depends on whether their running costs are lower than the 
running costs of the new stations. The main effect of progress in nuclear 
technology will be towards the reduction of the capital costs of nuclear 
plant. The size of the fuel replacement cost of the more advanced reactor 
types is very uncertain and may well be higher than the estimated fuel 
replacement cost of those now being built, due to the much more expensive 
fuel elements not being offset by sufficiently high irradiation levels. In the 
early nuclear stations on the other hand, it will probably be possible to 
make certain modifications to the design of fuel elements which should re- 
duce fuel replacement costs. More advanced nuclear stations will also not 
be able to benefit so much as the early ones, from the sale of plutonium, 
since the price of this material is likely to fall as abundant supplies of it 
become available. With regard to operation and maintenance charges, the 
balance of advantage again seems to be with the early stations, due to 
their simplicity of design. It would not be surprising, therefore, if the 
early stations were not to be superseded as base load suppliers, for the whole 
of their estimated 20-year life—an estimate based on considerations of 
physical depreciation, although it is not impossible of course in an industry 
where technical advance is extremely rapid for the life of en early nuclear 
station as base load supplier to be reduced to a period less than 20 years. 

Since the proportions of capital and running costs in nuclear and con- 
ventional stations differ widely, cost comparisons depend a great deal on 


proceed at such a rate that the early stations may or ought on economic grounds, be replaced 
before the end of their estimated life of 20 years, which is based on depreciation considera- 
tions. 

1 Total unit costs of electricity are irrelevant in deciding the relative position of a given 
number of power stations in the ‘order of merit’ list. 
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the rate of interest which is assumed. The relevant rate of interest to be 
charged on capital raised by a nationalized undertaking seems to be the 
gilt-edged rate or a rate very near to it. In privateo wnership the principal 
sufferer in bad times is the ‘ordinary’ shareholder, and if circumstances are 
so bad that interest on debentures and other fixed charges cannot be met, 
and the capital cannot be written off by agreement with the creditors, the 
private company can discharge its obligations by declaring itself bankrupt. 
A nationalized undertaking, however, cannot go bankrupt, since the pay- 
ment of interest on capital is guaranteed by the Treasury. Because of the 


TABLE I 


Effect of Different Levels of the Rate of Interest on Nuclear and 
Conventional Power Costs (d. per Kwh.) 





Rate of Nuclear Conventional 


interest | Total | % increase on | Total | % increase on 
% cost cost at 3%, cost cost at 3% 


0-588 _ 
0-622 5-7 0-565 
0-660 12-2 
0-700 19-0 0-590 























Assumptions : 

(a) Nuclear power station. Construction cost £40 million; net electrical output 
300 MW. ; fuel charge 500 tonnes at £18,000 per tonne,* load factor 80 per cent. ; life 
of station 20 years, sinking fund method of amortisation, fuel replacement cost 
0.160 d. per Kwh, works cost 0-060 d. per Kwh. 

(6) Conventional power station. Construction cost £15 million; net electrical 
output 300 MW. ; load factor 80 per cent. ; life of station 27 years, sinking fund, fuel 
cost 0-420 d. per Kwh. ; works cost 0-040 d. per Kwh. 

* A ‘tonne’ = 1,000 kilograms = 0-9842 long ton. 


absence of risk, all the capital of a nationalized undertaking can be raised 
in the form of debentures. It may be argued, that an industry should not 
be allowed to obtain capital more cheaply than others merely due to the 
fact that it is nationalized, and that the rate which the undertaking should 
pay is the rate which other industrial borrowers of good standing have to 
pay. However, large private firms can issue debentures at close to the gilt- 
edged rate of interest, and since no private firm can theoretically be as ‘safe’ 
as a nationalized one, it can be argued that a slightly lower rate of interest 
on the debenture shares of the latter is appropriate. It seems safe to 
assume, therefore, that the appropriate rate of interest to be charged on 
the capital of a public corporation is, or is very close to, the gilt-edged 
rate. 

In comparing the cost of electricity generated from two different types 
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of power stations built at the same time, it must be remembered that the 
rate of interest will be at a particular level which is common to both.! The 
importance of the rate of interest, therefore, in causing a divergence in costs, 
depends upon the difference in the capital outlays on the two power stations, 
and its importance increases the higher its level. The effect of this latter 
factor is mitigated by the fact that in the U.K. the gilt-edged rate of 
interest can be expected to lie within a fairly narrow range of say, 3 to 6 per 
cent. Even for small variations, however, an increase in the rate of interest 


TABLE IT 


Variations of the Total Cost of Nuclear and Conventional Power 
with Load Factor (d. per Kwh.) 





Nuclear Conventional 





% increase on % increase on 
cost at 100% Total | cost at 100% 
load factor cost load factor 


0-545 _ 

0-577 5-9 
0-629 15-4 
0-734 34:7 




















Assumptions: 

Nuclear costs. Construction cost of station £40 million, net electrical ouptut 300 
MW., interest rate 5 per cent., sinking fund method of amortisation ; life of station 
20 years, fuel charge 500 tonnes at £18,000 per tonne, works costs £500,000 p.a. at all 
load factors, net fuel replacement cost 0-160 d. per Kwh., only charge on initial fuel 
is interest. 

Conventional costs. Construction cost of station £15 million, net electrical output 
300 MW.., interest rate 5 per cent, sinking fund, life of station 27 years, works costs 
£350,000 p.a. at all load factors, fuel cost 0-420 d. per Kwh. 


affects nuclear power costs much more than conventional costs (see Table 
I). Alow rate of interest is, therefore, clearly advantageous to the economics 
of nuclear power. 

The fourth factor which affects the converting of the construction cost of 
a nuclear station into a unit capital cost of electricity generated, is the load 
factor at which the station operates. Load factor is the actual output of a 
plant over a given period of time, divided by the output which would have 
occurred had the maximum output capacity been produced throughout the 
period. The unit capital cost of electricity is inversely proportional to load 
factor, and since the unit capital cost of the first commercial nuclear power 


1 The rate of interest which is appropriate to the Sinking Fund need not be the same as 
the rate which has to be paid to raise the initial capital. Over the life of the station, the aver- 
age Sinking Fund rate wil! be somewhere between the extremes of high and low interest rates 
which might be met in raising the initial capital at a particular time. It is assuined, however, 
that the rate of interest for the Sinking Fund is the same as that on the construction cost. 
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stations forms about two-thirds of total unit costs, a reduction in load 
factor is a serious matter, far more so than for fossil fuelled stations where 
the proportions of unit capital and unit running costs are approximately 
reversed (see Table II). 

The final problem concerned with capital charges is that of the cost of 
research and development. The development of a new type of power 
station should be undertaken only if it will show a sufficient improve- 
ment on what would have been available without the research and develop- 
ment, to justify undertaking the work. In effect this means that the 
research and development costs which have gone into a reactor system 
should be recoverable as a charge on the unit cost of electricity sent out 
from such stations. There have been attempts to provide illustrative 
figures of the cost of effort and capital which is involved in developing a 
reactor system. For example, it has been estimated! that the number of 
man years of professional staff (i.e. staff with a University degree or 
equivalent professional qualifications) needed from the feasibility study of 
a reactor system, to the completion of a prototype reactor is about one 
thousand, and that each staff costs about £10,000 a year, including his 
equipment and costs of supporting staff. Thus the cost of developing a 
reactor system excluding the major capital expenditure on the reactor 
experiment or reactor prototype, or both, ‘is likely to be of the order of 
£10 million’, The major capital expenditure ‘might well add another 
£10 million’®. Therefore ‘we shall be lucky if we can develop a reactor 
system even one fairly closely related to others under development, and 
incorporating a number of already well tried features, for less than 
about £20 million. A more advanced concept like the fast reactor at 
Dounreay would’cost much more.”* There is in addition the further cost of 
fundamental! research work. This cost cannot be attributed to a particular 
reactor system, however, nor even to all types of nuclear power stations, 
since the work carried out yields benefits to a wide range of industry. 
This expense, therefore, can be regarded as a general charge on the economy 
since its benefits are widespread, impossible to predict, and not measurable 
in simple terms. 

It is evident, therefore, that before committing itself to a large expen- 
diture on a given type of reactor, the Central Electricity Generating Board 
must be reasonably sure that a sufficient number of the type of nuclear power 
stations under consideration will be constructed so that these costs can 
be spread over a sufficient kilowatt capacity. Otherwise the cost of nuclear 

1 See Sir Edwin Plowden, “The Impact of Nuclear Energy upon Industry’. Lecture given 


to the Federation of British Industries Conference on Nuclear Energy, Apr. 1958. 
* J. A. Jukes, ‘The Economic Problems of Nuclear Power’. Lecture given at the Swedish 


Academy of Engineering Sciences, Stockholm, 2 June 1958. 
® Sir Edwin Plowden, loc. cit. 
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power may be greatly increased, thus making it non-competitive with con- 
ventional power. If the total research and development expenditure on the 
Calder Hall type of reactor could in fact be determined as being about £20 
million, and if 6,000,000 KW. of capacity of this type of station is built, then 
the whole cost of research and development could be recovered by a capital 
charge of approximately £3-3 on every KW. installed. Apart, however, 
from the difficulties that would normally occur in estimating the expense 
which the Atomic Energy Authority has incurred in developing a particular 
type of reactor, there is in the case of the Calder Hall type of reactor the 
further complication that its development has been based largely on work 
which comes under the military programme, and much of the expenditure 
incurred has, therefore, been military expenditure. The large expense 
involved in developing advanced reactor system may, however, be impor- 
tant in preventing a rapid decline in the capital cost of nuclear stations, 
the importance of such expenses depending, however, on the amount of 
capacity over which they can be spread. 

A nuclear power station has the peculiar feature that it requires a large 
working stock of fuel. It will not operate until a full charge of fuel is in the 
reactor, a charge which may stay there for several years. This initial fuel 
charge is a capital cost item, the main reasons for this being one of finance. 
The fuel for the initial charge has to be purchased from the Atomic Energy 
Authority, at a cost of several million pounds, in the case of the Bradwell 
power station—480 tonnes at approximately £17,500 per tonne (1957 
prices). The money to purchase the fuel has to be borrowed and interest 
paid on it. Apart from this interest charge, there is also a sinking fund 
charge to cover the difference in value between the initial fuel charge, and 
the final fuel complement when the power station is closed down. 

Since a nuclear power station, unlike a conventional station does not 
have to be fuelled continuously, it is less affected than a conventional 
station by constantly rising prices during periods of inflation, and this is 
therefore a factor tending to favour the economics of nuclear power. 

It is commonly supposed that fuel replacement costs for the Calder Hall 
type of station will be negligible. This supposition is dependent mainly on 
the assumption that a high level of irradiation will be achieved, and to a 
lesser extent that the by-product plutonium is separated out for use as a 
fuel either in the same or in other reactors, and that credit is allowed for this. 
Nevertheless the outstanding advantage of nuclear power is that it is 
possible to make fuel costs low, and this should be achieved in the early 
stations. 

Fuel replacement costs depend on the price of fuel, the thermal efficiency 
of the station, the irradiation level, and the value of the irradiated fuel. 

The irradiation level which it will be possible to achieve is the most 
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uncertain factor of all in estimating nuclear power costs. It can be seen 
from Fig. 1 that it is important for the economics of nuclear power that 
an irradiation level of at least 2,500-3,000 MWD. per tonne is achieved, for 
below this level, fuel replacement costs increase rapidly and soon rise above 
fuel costs in conventional stations. A figure of 3,000 MWD. per tonne has 
been given by the A.E.A. as a level of irradiation which should be achieved," 
but this figure may be attained only when the equilibrium fuel cycle has 


06 


Assumptions 
Net output of station 
Thermal efficiency 
Load factor 

Uranium at £25,000/Tonne 
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Fic. 1. Variation of Fuel Replacement Cost with the Irradiation Level. 





been reached, and the approach to this cycle may take a long time, perhaps 
several years, during which time the average fuel burn-up may be less than 
3,000 MWD. per tonne. On the other hand, over the life of the station 
modifications are likely to be made to the design and metallurgical pro- 
perties of the fuel elements, which will allow higher irradiations to be 
achieved. 

There are several difficulties involved in estimating the plutonium credit. 
Firstly, the market for plutonium at the moment is an artificial one, and an 
estimate must be made of what its price would be in a free market. 
Secondly, the price of plutonium must be calculated as an average over the 
life of the station. Thirdly, the value of plutonium depends upon the prices 
of uranium and uranium-235 (pure fissile material) the former in turn 


1 See J. A. Jukes, Economics of Nuclear Power. Second United Nations Conference on 
the Peaceful Uses of Atomic Energy, Paper 72, August 1958. Geneva. 
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depending on world supply and demand conditions, and the latter on 
technical developments made in increasing the concentration of U-235 in 
natural uranium. Fourthly, future variations in the price of plutonium 
will depend largely on the speed and timing of the construction of different 
types of reactors. Finally there are still many uncertainties as to how good 
a substitute plutonium will be for U-235. The price which the A.E.A. has 
agreed to pay for fuel irradiated to a level of 3,000 MWD. per tonne, and 
from a power station which has operated at 75 per cent. load factor is 
£5,000 per tonne. 

The remaining components of the cost of nuclear power are the operating 
and maintenance costs, fuel transportation, and insurance. In terms of 
unit cost, i.e. d. per Kwh., the last two are negligible. As to operating and 
maintenance costs, although a few specialized staff will be required, these 
are expected to be approximately the same as those for a large conven- 
tional power station. 

The critical factors, therefore, which determine the cost of nuclear 
power, given the construction cost of the station, the cost of fuel per tonne, 
and the annual operating and maintenance costs are; the net output of 
electricity, the length of the amortisation period, the rate of interest, load 
factor, the irradiation level, the thermal efficiency of the station, and the 
value of plutonium. The following list contains what seem to be reason- 
able assumptions as regards each of these factors. 





Net electrical output ‘ , : 300 MW. 

Amortisation period F . ‘ 20 years 

Rate of interest . . . > 5% 

Load factor . ‘ ‘ ; 80% 

Irradiation level . . , ‘ 3,000 MWD. per tonne 

Thermal efficiency . ; : . 28% 

Plutonium credit . ‘ . , £5,000 per tonne irradiated fuel or £3 per 
gramme of plutonium net of processing 
costs. 


With construction costs (at 1957 prices) of £42,000,000 (including 
electricity board charges) and an initial fuel charge of 502 tonnes at 
£17,500 per tonne, the cost of nuclear power will be as follows: 


d. per Kwh. 
Capital charges on plant ‘ , ‘ . 0-385 
7 Capital charges on fuel . . ‘ ; . 0-070 
- Net fuel replacement cost . ‘ ‘ . 0-149 
Operating and maintenance cost. ° - 0-057 
Total cost ; : : : : - 0-661 


This cost of 0-66 d. per Kwh. can be regarded as the best estimate which 
can be made of the cost of nuclear power from a 300 MW. station coming 
into commission in 1961-2. It must be remembered that it is an estimate 
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of the average cost of power throughout the lifetime of the plant. During 
the early years of operation the cost of power will probably be higher due to 
difficulties associated with the start-up of the reactors, and with the move- 
ment towards the equilibrium fuel cycle. On the other hand, the above 
estimate is based on present technical knowledge, and it should be possible, 
as more operating experience is gained, to effect some modifications of 
parts of the plant which would result in lower generating costs. 

With plant of such novel character, however, perhaps it would be prudent 
to give a lower and upper estimate of nuclear power costs from the first 
commercial stations. As the basis of a lower estimate, an irradiation level 


TaBLe II? 
Unit Cost of Nuclear Power (d. per Kwh.) 





Lower Upper 
estimate estimate 





Capital charges on plant ‘ : 0-351 0-493 
Capital charges on fuel ; ; 0-064 0-089 
Net fuel replacement cost P 0-112 0-178 
Operating and maintenance cost. 0-057 0-065 


Total cost , i ‘ ; 0-584 0-825 














of 4,000 MWD. per tonne, and a life of 24 years for the station will be 
assumed, and as the basis of an upper estimate, an irradiation level of 
2,500 MWD. per tonne, a life of 16 years for the station (to allow for tue 
possibility of a more rapid rate of obsolescence) and a load factor of 70 per 
cent. will be assumed, all the other critical factors determining cost, 
remaining as in the case of the best estimate. This would give the cost 
estimates shown in Table III. 

The question now arises as to how these nuclear costs compare with the 
cost of conventional power. 

The capital cost of a coal-fired station completed in 1961, will at 1957 
prices, be approximately £50 per KW. installed,? so that the construction 
cost for a 300 MW. station would be £15 million. With interest at 5 per 
cent. an amortisation period of 27 years, and a load factor of 80 per cent., 
unit capital costs would be 0-117 d. per Kwh. 

Taking a thermal efficiency of 34 per cent., coal to have a thermal 
content of 23-53 million B.Th.U.’s per ton, and with one Kwh. equal to 


1 It is the opinion of the writer that a tendency for the actual cost of nuclear 
power to be higher than the best estimate, is more likely than for it to be lower. 

2 See Lord Citrine, ‘Ten years of C.E.A. Stewardship’. The Times Review of Industry, 
Dec. 1957. 
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approximately 3,400 B.Th.U.’s, the coal required to produce one unit of 
electricity is 3,400 x 100 
34 x 23,520,000 


tons. 





On the question of the cost of coal, a distinction must be made between 
fuel costs for power stations situated on, and at long distances away from 
the coalfields, respectively. At the end of 1957 the average pithead price 
per ton of coal consumed in power stations was 68s. 4d. Assuming the cost 
of transporting coal to low and high cost fuel areas to be 5s. per ton, and 
24s. per ton respectively, and assuming no increase in the real cost of deli- 
vered coal to power stations between 1957 and 1961, the unit fuel cost 
in 1961 will be:— 


34 x 3-7 X 240 

34x2,352 > 0-379 d. per Kwh. for the low cost areas, and 
34 x 4-6 x 240 2 

—34x2352 > 0-469 d. per Kwh. for the high cost fuel areas. 


Operating and maintenance costs would add about 0-050 d. per Kwh. to 
the cost of power, so that the total unit cost of power would be made up as 
follows : 


d. per Kwh. 
Capital charges on plant . ‘ ; 0-117 
Fuel cost : . ‘ : -  0-379-0-469 
Operating and maintenance cost - 0-050 
Total cost . ‘ . . .  0-546-0-636 


By comparing these estimates with the best estimate made for nuclear 
power, it can be seen that the latter will be dearer than conventional 
power generated from stations situated on the coalfields, but will be approxi- 
mately equal to the cost of conventional power generated from stations 
situated at long distances from the coalfields. As seen above, owing to 
the uncertainty of some of the factors determining nuclear power costs, the 
actual cost of nuclear power may vary considerably above or below the 
best estimate. If the cost of nuclear power tends towards the upper 
estimate, then nuclear power will be more costly than conventional power 
at long distances from the coalfields as well. In this case the only justifica- 
tion for the first nuclear stations would be that they are of an experimental 
nature, necessary to gain more experience. If the actual cost of nuclear 
power tends towards the lower estimate, then the competitive position 
of nuclear power in areas away from the coalfields would be increased. 

Since what is required is the average cost of producing electricity over 
the whole lifetime of the plant, the estimate of the unit cost of power from 
a conventional station, given above, assumes that the real cost of coal 
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remains constant on average throughout the life of the power station.! This 
is not such an unrealistic assumption as might appear at first sight. Table 
IV shows the past trends in the real cost of deep-mined coal production, 
using index numbers of wholesale prices as a rough indication of the fall 
in the value of money. Although the figures are only rough approximations 


TABLE IV 


Table Showing the Past Trend of the Real Cost of Deep-Mined 
Coal Production 





Year 


Index of total 
cost of deep-mined 
coal production* 


Index nos. of 
wholesale prices 
(1938= 100)t 


Real cost of 
deep-mined 
coal production 





1938 
1948 
1956 


100 
289 
472 


100 
217 
346 


100 
133 
136 














* From figures published in the Ministry of Power Statistical Digest, 1957. 
+ From figures published in the Monthly Bulletin of Statistics, 1957. 


TABLE V : 
Average Weekly Earnings of all Coal Miners and of all 
Workers in Manufacturing Industries 


(3) 





(1) (2) (4) 
Average weekly 
earnings in Average weekly 
manufacturing earnings in coal 
industries* miningt 
e. d. ee 
50 4 57 11 
116 10 163 10 
170 10 46 245 11 
198 6 16 284 8 


211 2 6 304 11 


% increase of (3) 
on year before 


% increase of (1) 
on year before 





132 

















* Source: Monthly Bulletin of Statistics, 1957. 
+ Source: Ministry of Power Statistical Digest, 1957. 


it seems that there has only been a small increase in real cost since 1948 
which is in marked contrast to the rapid rise between 1938 and 1948. This 
has been due to two main factors. Firstly, the large investment expenditure 
of the National Coal Board which has been an offset to diminishing 
returns, and secondly, the fact that, whereas from 1938 to 1948 the per- 
centage increase of average weekly earnings in coalmining was much 
greater than in manufacturing industries as a whole, since 1948 there 
has been little discrepancy in the two rates of increase. 
1 And also that the real cost of transporting coal remains constant. 
4520.3 - 
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If the earnings of colliery workers increase in future at about the same 
rate as those for all workers, then to avoid an increase in the real cost of 
mined coal, the tendency for increasing costs due to diminishing returns 
must be offset by improved efficiency due to the investment programme 
of the N.C.B., and the latter expects to be able to do this. 

A factor which will have a favourable effect in keeping costs stable, 
is the closing down of unprofitable pits, since the level of costs in the coal 
industry is affected by the level of output. 

Another important factor is that coal is not a homogeneous product, and 
that the type of coal used in power stations is small] coal. A large and grow- 
ing proportion of small coal is produced in the two ‘newest’ coalfields, the 
East Midlands and North Eastern Divisions, where natural conditions and 
labour relations are better than in other areas. If the N.C.B. expects that 
in future the capital expenditure involved in its reconstruction programme 
will just about offset diminishing returns in the industry as a whole, such 
an expectation should certainly be borne out in the case of small coal. 

Finally, there is the possibility of a continuation of the present surplus of 
small coal. With the increasing mechanization of the coal industry the 
proportion of small coal produced to total coal production is increasing, 
so that the production of the various grades of coal is becoming more and 
more a joint cost. In these circumstances, the contribution of each pro- 
duct to total production costs depends on demand, and the appropriate 
relation between prices is that which disposes fully of all the products, 
subject to the condition that the combined receipts from all the products 
are sufficient to cover the total costs of production. If the surplus cf small 
coal proves to be a long-term problem, therefore, there is a strong argument 
for reducing its price. There is also another argument for a reduction in 
the price of coal to power stations. Where the addition of a coal-fired 
station does not necessitate an increase in the net output of the coal 
industry, the relevant cost of coal is not the total cost of mining it plus 
transport charges, since this does not coincide with opportunity cost. 
The latter is the cost that is saved by not producing a marginal unit, and 
this excludes inescapable costs. In other words it is argued that the coal 
is already there, and that the capital which has been invested to produce 
the coal, having no transfer value, should be excluded from costs. That 
part of capital which is needed to maintain current output, however, 
which is needed because of the natural wastage inherent in an extractive 
industry, is a part of operating expenses, and must be included in the cost 





of coal. 

There are, therefore, several factors which will help to prevent the real 
cost of coal to power stations from increasing in future, and which may 
even result in reducing the real cost of small coal. The most important 
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factor tending to increase real costs is the greater difficulty in working more 
inaccessible seams, and here it must be remembered thet a conventional 
coal-fired station has a useful life of nearly 30 years during which time 
diminishing returns in the coal-mining industry will be increasing. 

If the rea: cost of coal to power stations remains constant in future, and 
if the expected progress in nuclear technology is achieved ; the demand for 
coal for use in power stations, given the expected rate of increase of total 
fuel requirements for electricity generation, will probably show a decline 
after 1965. Only by a reduction in the price of small coal can the Coal 
Board prevent a large part of the market for this type of coal being lost to 
nuclear fuel in the next 10 to 20 years. 

In this article, attention has been devoted almost wholly to the effect 
which the use of nuclear fuel will have on the electricity supply industry. 
In discussing the economic consequences of the use of nuclear fuel, how- 
ever, it would be unrealistic to separate fuel used in power stations from 
fuel used for other purposes. For example, the use of a new fuel, uranium, 
for the generation of electricity, results not only in the displacement of 
fossil fuels for use in power stations, but also, if it results in the cheapening 
of electricity relative to the fossil fuels, there will be a further decline in the 
demand for the latter, since electricity competes with coal and oil as a 
source of heat and power. Nuclear fuel used in power stations, therefore, 
will compete with fossil fuel both directly and indirectly. As a result there 
will be changes in the total demand for the fossil fuels which may affect 
their prices, which will in turn affect the comparative cost of nuclear and 
conventional power. Again, the greater the contribution of nuclear power 
in meeting a given level of fuel and power requirements, the less will be the 
share of the market supplied by coal and oil, and the greater the competi- 
tion between them. If this competition should result in a fall in the prices 
of fossil fuels which could be used in power stations, the comparative 
costs of nuclear and conventional power will again be affected. It is 
evident, therefore, that the use of nuclear fuel in power stations will have 
important repercussions not only on the demand for the fossil fuels to 
generate electricity but aiso on the fuel and power sector as a whole. 


University College of Wales, Aberystwyth. 





THE TIN EXPERIMENT IN COMMODITY 
MARKET STABILIZATION 


By W. ROBERTSON 


Tue fall in many international commodity prices in 1957 and 1958 has 
revived interest in methods of price stabilization, including the idea of 
buffer stocks as a stabilizing influence in the markets for certain primary 
products which do not deteriorate in storage. In the past the idea has had 
a very mixed reception. Some have looked upon buffer stocks as a major 
potential contribution to international commodity stabilization, some 
have conceded them a useful although minor role, others have rejected 
them outright on the grounds of insuperable weaknesses. So far, only one 
commodity, namely tin, has been the subject of this form of stabilization 
scheme, and, as will be seen, only in a very limited sense. 


I 


The 1953 Tin Agreement did not achieve complete coverage of producing 
and consuming countries. The six producing members, however, are 
normally responsible for over 90 per cent. of non-Communist output, but 
China and the Soviet Union are uncertain although undoubtedly growing 
producers.! The main outside consuming countries are the United States, 


which accounts for about one-third of commercial consumption, Western 
Germany, and Japan, the three together now accounting for about one- 
half of world consumption.* 

Like its pre-war antecedents, the 1953 Agreement did not put the entire 
burden of price stabilization on the buffer stock. The buffer stock was 
combined with export control along the traditional much-criticized lines 
of compulsory quotas, which are allocated on a quarterly basis among the 
producing countries according to the Tin Council's estimates of probable 
demand, including stock changes. All decisions on quotas are taken by a 
majority of the votes of producing and consuming countries, each group 
voting separately. The permissible exports of each producing country are 
then determined partly by its voting power and partly by bargaining. 
The maximum size of the buffer stock is limited to 25,000 tons of tin metal 
by the original agreement, but this was supplemented temporarily by the 
buying power of a special fund which could absorb about 5,000 tons. 
Both the special fund and the buffer stock are producer-financed. 

1 The producing members are Bolivia, Indonesia, Malaya, the Congo, Nigeria, and 


Thailand. As an example of the ‘new model’ commodity agreement, representation on 
the body administering the scheme—the Tin Council—is shared on a fifty-fifty basis between 
producing and consuming members. 


re’ 
* Excluding consumption in the Soviet Union, for which no figures are available. 
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The pre-war buffer stocks were smaller than the current one. The 1934-5 
buffer stock had a maximum capacity of about 8,000 tons, the 1938 a 
capacity of about 15,000 tons. These quantities represented only 6 and 8 
per cent. of average output in 1934-5 and 1937-8 respectively, compared 
with the 16 per cent. of average output in 1956-7 which could be absorbed 
under the 1953 Agreement. There has been little difference, however, in 
the width of the price range. The 1938 Agreement aimed at a maximum 
variation of only 7 per cent. on either side of a pivotal price of £215, the 
1953 Agreement, after modification, at a variation of 9 per cent. on either 
side of a pivotal price of £805. 

In its original form the 1953 Agreement conceded more to the advocates 
of a wide price range. The intention was to keep the London spot price 
within the range of £640 to £880, that is, a variation of about 14 per cent. 
This range was to be divided into three sections; a middle section of 
between £720 and £800 within which there was to be no intervention; 
a lower section within which the manager had discretionary power to buy 
as long as the spot price was less than £720 but more than £640 ; an upper 
section within which he had discretionary power to sell as long as the 
price was more than £800 but less than £880. At the extreme limits pur- 
chases and sales from the buffer stock had to be made unconditionally. 
These provisions were modified in March 1957 when the floor price was 
raised to £730 and the width of each section narrowed from £80 to £50, 
that is £730 to £780, £780 to £830, and £830 to £880. 

As often happens with international commodity agreements, a con- 
siderable time elapsed between the signing and implementation of the tin 
agreement, because of the difficulty in getting enough ratifications. The 
steady fall in price during the first half of 1956, however, acted as an in- 
centive and in July 1956 the buffer stock came into existence, but at this 
stage only with a supply of cash. No action was required by the manager 
in the third quarter of the year, since the market price remained within 
the middle part of the range. In the fourth quarter of 1956 the price rose 
above £800 and on several occasions exceeded the ceiling prescribed in 
the agreement, but, lacking a supply of tin, the buffer stock could not be 
used.!_ From November 1956 the monthly average price fell with only 
a slight check until it reached the revised floor where it remained until 
support was withdrawn in September 1958. 

When the new support price came into effect in March 1957, the spot 
price was still well above the point at which the manager was authorized 
to buy, according to the original arrangements. The change immediately 


1 The buffer stock manager could not buy tin before the Suez crisis because the market 
price remained within the section of the range within which intervention was not permitted 
and the producing countries chose to make their contribution in cash rather than in tin. 
This led to the first failure of the buffer stock. 
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brought the spot price then, at £771, within the section where intervention 
was permitted. From March to 15 December 1957 the entire burden of 
supporting the market price fell on the buffer stock. During this period of 
steady pressure the intervention of the buffer stock was successful in modera- 
ting the rate at which the price fell, although it is questionable whether it was 
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wise to rely entirely on the limited resources of the buffer stock. Neverthe- 
less the experience of the tin market is certainly in marked contrast to 
what happened in the other non-ferrous metal markets (excluding alu- 
minium), as can be seen from Chart 1. The price of copper, which had 
fallen throughout the greater part of 1956, fell by another 25 per cent. 
between March and December 1957, the price of lead by about 40 per 
cent. and of zinc by about 30 per cent. over the same period. 
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At first the rate at which the buffer stock accumulated tin was com- 
paratively modest, only 4,300 tons in the 6 months up to the end of 
September. In the last quarter of the year the market weakened drastically, 
and the buffer stock had to absorb an amount equal to one-quarter of 
current output by non-Communist countries. By mid-November the 
quantity in the buffer stock had reached 10,000 tons, at which point, 
according to the agreement, it could be supplemented by export control. 
By the end of December another 5,000 tons had been added, leaving less 
than half the asorptive capacity uncommitted. 

The institution of export control gradually shifted the main burden of 
holding the support price from the buffer stock, but still left it temporarily 
with an imporiant role because the quarterly changes in the rate of export 
restriction were too slow in coping with the fall in demand. The buffer 
stock funds were exhausted by the end of March, but the manager con- 
tinued to buy for several months with the additional funds which the 
producing countries provided when they began to appreciate the full 
magnitude of the depression. The deterioration of the position can be 
judged from the increasing severity of the export cuts. For the first 
quarter of 1958 the combined quotas of the six producing countries were 
fixed at 714 per cent. of their quarterly rate of output in the year ending 
September 1957. In the second and third quarters they were reduced to 
60 per cent., and ultimately to only 52 per cent. in the last quarter of 1958. 
In the first 9 months of 1958 total exports ¢f the six countries amounted 
to only 73,000 tons compared with 109,000 tons in the corresponding 
period of 1957. Total output of non-agreement countries, other than 
China and the Soviet Union, was virtually the same as in 1957. There was 
no attempt by the non-Communist producing countries to take advantage 
of the agreement countries’ voluntary restrictions on exports, probably 
because output could not be increased in the time. Unfortunately the Tin 
Council underestimated the growth of Soviet exports, understandably in 
view of the paucity and inaccuracy of information about Soviet and 
Chinese production and consumption. It also underestimated the magni- 
tude of the fall in demand and failed to reduce output quickly enough. 
Thirdly, the mistake was made of not supporting the forward price nor 
the spot price outside the London metal market.! This inevitably tended 
to create the impression that it might have second thoughts about the 
revised floor price. The result was that the buffer stock support had to 


1 The average monthly forward price on the London market was below £730 from Oct. 
1957 to Jan. 1958. In the following 3 months the lowest price was also below £730. The 
lowest point was reached in Nov. 1957, when it fell to £680. At that price the differential 
was wide enough to enable operators to hold forward tin and make a good profit by deliver- 
ing it as cash tin in 3 months if only they had been convinced that the price would still be 
£730 in 3 months. 
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be withdrawn before the rate of commercial absorption came into equili- 
brium with the reduced rate of supply at the floor price, and the spot 
price fell sharply on the London market to £642 in September 1958. 








II 


The collapse was extremely shortlived, as can be seen from Appendix I. 
The spot price recovered to between £700 and £740 within a few days and 
remained above the floor price for the rest of 1958, as a result of the severely 
reduced supply from the member countries and the restrictions on imports 
from the Soviet Union.’ But even if we discount such a temporary collapse, 
the price of preventing the tin market weakening like the other non- 
ferrous metal markets during the recession was a drastic limitation of 
exports. By the fourth quarter of 1958 quotas had been cut on a scale 
comparable to what happened in all but the worst periods of the 1930's. 
It is extremely doubtful whether the producing countries had envisaged 
in 1953 that they would be forced to go so far, particularly as they had 
financed a buffer stock nearly twice as large as their previous maximum. 

It is a striking fact about the recent recession, however, that the fall 
in tin consumption, subject of course to the acvuracy of the Tin Council’s 
estimates, has been comparatively small. According to these estimates, 
as Table II shows, consumption in the non-Communist countries fell from 
150,000 tons in 1956 to 143,000 tons in 1957, then to 139,000 tons in 1958, 
that is, by only about 8 per cent. from 1956 to 1958. If the Communist 
countries are included, but not the Soviet Union, the estimated fall in 
consumption is slightly less. 

It will be seen from Table II that estimated consumption in the United 
States and the United Kingdom made up the whole of the reduction in 
world consumption in 1957 and that the fall in U.S. consumption in 1958 
was greater than the fall in world consumption. Since the United States 
and the United Kingdom jointly account for more than half of non-Com- 
munist consumption, the behaviour of their tin dealers and consumers can 
be crucial for the tin market. As Table II shows, West European consump- 
tion suffered only one sharp drop in post-war years, namely in 1953, when 
it fell by about 12 per cent. Even in 1958 it rose slightly. 

In view of the comparatively small reduction in consumption between 
1956 and 1958, one would naturally attribute the main responsibility for 
the industry’s immediate difficulties to changes in commercial and govern- 
mental stock-holding and to the unexpected rise in Soviet exports. While 
increased Soviet sales to non-Communist countries were undoubtedly a 





































1 The United Kingdom and the Netherlands, the chief importers of Soviet tin, imposed 
restrictions in Sept. 1958, but lifted them in Feb. 1959, when Soviet exports were voluntarily 
restricted. 
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Agreement countries 
Indo- Thai- Total non- 
Year | Malaya} nesia | Bolivia |Congo| Nigeria| land Total |Com. prod.| China 
1928-9} 67-0 35-0 43-9 0-9 9-9 8-1 164-8 178-0 6-9 
1935-8} 57-4 29-3 25-0 71 8-9 13-1 141-0 160-9 11-1 
1950 57-8 32:1 31-2 13-5 8-3 10-4 153-4 162-5 4-0 
1951 57-4 31-0 33-1 13-7 8-5 9-5 153-2 162-7 4:8 
1952 57-1 35-0 32-0 13-8 8-3 9-5 155-5 165-6 5-4 
1953 56:4 33-8 34-8 15-3 8-2 10-1 159-1 170-7 6-3 
1954 60-9 35-9 28-8 15-1 7-9 9-8 158-5 170-0 75 
1955 61-2 33-4 27-9 15-0 8-2 11-0 157-0 169-0 12-0 
1956 62-3 30-0 26-8 14-8 9-2 12-5 155-4 167-0 14-0 
1957 59-3 27-7 27-8 14:3 9-6 13-5 153-4 164-0 16-0 
1958 38-5 23-2 17-7 11-2 6-2 78 104-0 116-0 18-0 
1959* 35-2 20-4 24-0 10-0 5-2 9-1 103-9 115-5 18-0 
































Source: Pre-war: K. Knorr, Tin under Control; post-war: International Tin Council. 
* Annual rate during Jan.—Sept. 








TABLE II 
Estimated Tin Consumption* (°000 long tons) 
West East 

Year US. U.K. | Europe | Asia | Others | Europe | China Total 
1928-9 83-5 24:5 172 
1935-8 65-7 22-5 e oT os aa oe 151 «s 
1947 59-2 27-4 14-2 6-9 11-2 4:8 0-3 124 (119) 
1948 59-9 25-2 18-4 7:7 12-4 5-0 0-4 129 (124) 
1949 47-2 20-8 19-0 9-0 12-2 5-3 0-5 114 (108) 
1950 71-2 23-3 27-8 10-4 13-2 5-5 0-6 152 (146) 
1951 56-9 23-9 28-3 10-1 14-1 5-8 0-9 140 (133) 
1952 45:3 22-6 33-7 10-5 12-5 5-9 1-5 132 (125) 
1953 54-0 18-9 29-0 11-2 141 5-9 1-9 135 (127) 
1954 54-4 21-7 32-0 12-6 13-9 6-0 2-4 143 (135) 
1955 60-0 22-9 34-5 13-4 13-9 6-2 3-6 155 (145) 
1956 60-4 22-2 38-6 16-7 12.2 63 3-6 160 (150) 
1957 54-4 21-8 38-4 16-2 12.8 6-6 48 155 (143) 
1958 48-2 20-4 39-4 15-0 15-6 6-6 4-8 150 (139) 





























Source: Pre-war: K. Knorr, Tin under Control; post-war: International Tin Council. 

* Excluding the Soviet Union. Figures in brackets show estimated non-Communist cone 
sumption. Knorr’s estimates for all Europe, other than the Soviet Union, before the war 
are 44,000 tons in 1928-9 and 40,000 in 1935-8. Other consumption is put at 20,000 tons 
and 23,000 tons respectively. 


significant factor in upsetting the Tin Council’s calculations of the balance 
of supply and demand, it is important to see them in perspective. 
Non-Communist purchases of Soviet tin in 1958 were about 17,000 tons 
compared with about 7,000 tons in 1957. Exports of the agreement 
countries fell from 150,000 tons to only 95,000 tons. Including other non- 
Communist output, the total supply on the non-Communist market 
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amounted to 124,000 tons in 1958. Of this amount the buffer stock 
absorbed about 10,000 tons, after allowing for sales in the fourth quarter of 
1958, when part of the Special Fund purchases were liquidated. In th > 
previous year of unrestricted output 164,000 tons were produced by non- 
Communist countries and 7,000 tons were sold by the Soviet Union. 
Since 15,000 tons were taken up by the buffer stock, commercial absorp- 
tion was about 156,000 tons compared with 113,000 tons in 1958, although 
consumption was apparently only about 4,000 tons less than in 1957. 
Even if the Soviet Union had not put more on the market, it is likely that 
commercial absorption would have fallen sharply. 

It might be argued, of course, that if it had not been for the unrestricted 
growth of Soviet exports the temporary breakdown in 1958 could have 
been avoided. But even if they had been no greater than in 1957 or in 1956, 
when they were less than 3,000 tons, the fall in consumption and the 
changed attitude to stocks, which affected all the non-ferrous metal 
markets, would have compelled some restriction of output. Whatever 
significance one attaches to the growth of Soviet sales, it seems that the 
impression developed in 1957 that the Tin Council could not maintain the 
support price of £730, and this was reinforced by the failure to maintain 
the forward price. Further, the fact that the prices of the other non- 
ferrous metals, copper, lead, and zinc, had fallen much more than the 
price of tin probably suggested that £640, the original floor price, was a 
more reasonable price in the contemporary conditions of supply and de- 
mand. It is probably indicative of market opinion that when the buffer 
stock support was withdrawn the market price fell almost exactly to £640. 
In so far as people believed that the price should fall below £730, however, 
they should also have assumed that the six producing countries would not 
be prepared to cut supply to the extent necessary to hold the price at 
least at £730. While it is easy to be wise after the event, reference to pre- 
war experience cf tin control should have shown that the well-organized 
producers could certainly exercise the necessary restraint. One of the 
main criticisms of the industry before the war was the severity with which 
output was restricted at certain periods in the 1930's. 

It is not necessary, however, to base an explanation of the market's 
unwillingness to absorb the surplus at £730 solely on the feeling that the 
price would have to fall sharply. There are several factors which could 
explain why dealers and consumers would not buy even if they thought 
that £730 would be a firm floor. Tin is obviously an expensive material to 
hold, hence an interest cost of say 8 per cent., a reasonable bank charge, 
would involve an outlay on stocks of about £60 per annum on every ton. 
If, therefore, a ton were to be held for one year, a loss would be incurred if 
the market price did not rise above £790. From April 1953 to the end of 








W. ROBERTSON 317 


1957 there was no year in which the average monthly price reaciied £780, 
if we exclude two short periods of exceptional conditions, the first the 
peak phase of the world boom in 1955-6, the second the critical months 
when the Suez Canal was closed. Even if we include these periods, the 
average montiily price exceeded £800 in only 7 months and the maximum 
was £852, in November 1956. In view of the general change in the economic 
climate and the belief that there was some long-run excess capacity in the 
industry it is hardly surprising that the market did not fear any repetition 
of the earlier post-war shortages. Hence dealers and consumers probably 
assumed that they could buy all the tin they wanted in the future at a 
reasonable price which would not differ very much from the price in the 
recent past. Using both explanations, therefore, one might assume that 
at first the market believed that there would be a serious fall in price and 
hence got rid of stocks ; and that later, when it was persuaded that restric- 
tions could achieve their aim, there was no haste in buying because it was 
believed that even if the price rose, it would still not be worthwhile to 
finance the holding of larger stocks. As Table I in Appendix II shows, 
this view was justified by subsequent experience. 

Market opinion was strongly influenced by the belief that there was 
more than merely cyclical excess capacity. This is nothing new in the tin 
industry, as studies of its history in the inter-war period have shown.' 
Although there were signs of persistent excess capacity even before the 
1957-8 crisis, the market was supported in earlier post-war years to a 
varying extent by government stock-piling, in particular by the absorp- 
tion into the U.S. stock-pile of the output of the Texas smelter. According 
to the Tin Study Group’s estimates, U.S. stock-piling probably absorbed 
the equivalent of 1}? years’ output at the average annual rate during that 
period.? The precise extent of excess capacity is uncertain, but between 
1950 and 1956, according to the same source, output of tin metal was never 
less than 12 per cent. greater than estimated consumption, the difference 
presumably being made up by stock-piling. During this period, moreover, 
there were virtuaily no net sales by the Soviet bloc, so that the problem is 
to some extent underestimated by the earlier data. The peak period of 
American stock-piling coincided with the Korean boom and was partly 
responsible for pushing the price of tin well above £1,000. The considerable 


1 Cf. Eastham, ‘Tin Rationalisation’, Review of Economic Studies, 1936. Also K. Knorr, 
Tin under Control. 

* This estimate would give a total of about 275,000 tons. A more recent estimate, which 
appeared in The Economist, 13 June, 1959, in the article ‘Unloading Strategic Stocks’, put 
the total U.S. stock at close to 380,000 tons, of which only about 175,000 tons or the equi- 
valent of 3 years’ U.S. consumption might be needed for the strategic stock. This would 
mean that the United States held an unwanted surplus considerably greater than a year's 
total output by the industry. Even if we take the smaller estimate, the surplus would be 
about 60% of a year's output by the industry. 
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influence of the stock-piling programme on the market can also be gauged 
from the sudden fall in price from £984 to £761 between March and April 
1953, when the feeling developed that stock-piling had finished. The re- 
duction in stock-piling, however, was much less than had been anticipated 
and between 1954 and 1956 it coincided with a considerable growth in 
consumption. The result was that the market price gradually recovered 
from its low point of £599 in July-August 1953 to over £700 by the 
first quarter of 1954. But the continued growth of consumption did not 
offset the decline in stock-piling in 1956, with the result that the market 
price fell steadily in the first half of the year. The sharp recovery in 
the second half of 1956 was due to two short-lived influences, the threat 
of a Malayan strike and the development of the Suez crisis, which had 
a greater effect on the tin market than on the other non-ferrous metal 
markets. After this temporary boost the market was exposed to the effects 
of the ending of American stock-piling and in the second half of 1957 to 
the development of the American recession and the growth of Soviet tin 
exports. 


III 


It is not surprising that this combination of circumstances created 
serious difficulties for the industry, since problems of both cyclical and 
non-cyclical excess capacity had to be faced simultaneously. The Tin 
Council acted as if it had to deal only with the problem of temporary 
excess capacity, which was natural enough in a crisis, but implied that it 
was as unwilling to tackle the longer-run problems as its predecessors had 
been in the 1930’s. Whether the market can be brought into and main- 
tained in a reasonable balance without intervention (in the form of export 
restrictions by the Agreement countries and the Soviet Union) at a price 
in the middle of the revised range is uncertain. The following comments, 
therefore, are only tentative speculation. 

From one point of view the problem of excess capacity is probably less 
serious than it was in the 1930's. Part of the capacity created during the 
investment boom of the 1920’s has been or will soon be worked out, and, 
contrary to the experience of the other non-ferrous metals, the very high 
prices during certain post-war years did not stimulate a similar investment 
boom. Various reasons may be given for the absence of an investment 
boom in the late 1940's and the early 1950's ; almost certainly the disturbed 
political conditions in some of the producing countries were a deterrent ;1 
other factors may have been the knowledge that the market after 1947 was 


1 Malaya, Indonesia, and Bolivia were particularly affected. Little prospecting in Thai- 
land was attributed to heavy royalties, lack of internal transport, and government restric- 
tions. 
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strongly affected by government stock-piling, and possibly also a feeling 
of ‘once bitten, twice shy’. Whatever the full explanation, the non-Com- 
munist tin industry as a whole did not accentuate its future difficulties by 
an expansion of capacity. Nevertheless, it still appears that there is some 
excess capacity to which supplies from the Communist bloc make an im- 
portant contribution. 

Table II shows a marked fall in U.S. consumption between the late 
1920’s and subsequent years. There is no indication of growth in the post- 
war period, at least in the aggregate figures. In spite of the great expansion 
of industrial output since the 1930’s, consumption in every year from 1947 
to 1958, except in 1950, has been less than the average for 1935-8. 

In a discussion of excess capacity in the 1960’s, it is useful to consider 
the estimates of the Paley Commission. The forecasts of the Commission 
imply that there might be increases of 18 and 40 per cent. respectively in 
U.S. and other non-Communist consumption respectively between 1950 
and 1975, that is, total consumption might rise from 146,000 tons to 
193,000 tons. Over a 25-year period this does not mean a high annual rate 
of growth. Moreover, it is suggested by the recent National Institute 
study that the Paley Commission may have been over-optimistic. If that 
were so, the prospects of the industry would be gloomy for the early 1960's. 

If the Paley projections are applied to the period from 1950 to 1956-7, 
as the National Institute study has done, it is found that U.S. consumption 
fell by 20 per cent. compared with a projected rise of 4 per cent., while 
other non-Communist consumption rose by 20 per cent. compared with a 
projected rise of 12 per cent. Because of the relative importance of each 
area, however, there was a negligible rise in their combined consumption 
compared with a projected increase of about 8 per cent. Actual consump- 
tion in 1956-7 was only 147,000 tons compared with a projected 158,000 
tons, which would still have been less than production in the non-Com- 
munist countries. 

So far as the United States is concerned, the Paley projection was com- 
pletely wrong in relation to one of the two leading uses of tin, namely in 
solder. The highest consumption between 1951 and 1958 was only two- 
thirds of the 1950 level and the average for 1956-7 was just a little over 
half, whereas there should have been a marked increase. Consumption 
by the tinplate industry fell a little more than was expected. A Paley 
projection of all U.S. non-tinplate uses of tin for 1956-7 would give a con- 
sumption of about 40,000 tons. The actual consumption was only 27,000 
tons, which was only half the forecast for 1975. There is in fact no single 
use of any quantitative importance in which U.S. consumption has appre- 
ciably increased since 1950, nor indeed since '».5-8. Thus the general 
impression created by the aggregate figure.  uains unrelieved by any 
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particular element of growth in the country where the first signs of expan- 
sion at a new point might have been expected.! 

The picture of U.K. consumption is no more promising. Total consump- 
tion in 1956-7 was actually over 20 per cent. less than in 1947. Although 
the tinplate industry used slightly more tin in 1958 than in 1950, tinplate 
production was considerably greater than in the earlier year. Moreover, 
the proportion of tinplate produced by the tin-economizing electrolytic 
process in the United Kingdom is still substantially less than in the United 
States. Since the proportion has been rising steadily after the introduction 
of the newer method in 1948, no increase in consumption of tin may occur. 
Even when the switch has been completed, tin consumption will not neces- 
sarily rise part passu with tinplate production, since further economies are 
possible, as was envisaged by the Paley Commission. 

If the aggregate figures of U.K. consumption are further broken up, 
there is still nc sign of growth. No more tin was used in the production of 
solder in 1956 than in 1950, less in fact than in 1930-5. In every year 
between 1952 and 1958 consumption in alloys was less than in 1950. 
In the manufacture of collapsible tubes, tin consumption was halved in 
1949, fell by another 25 per cent. in 1950, and has never been more than 
two-thirds of the 1950 level in recent years. According to the Paley Com- 
mission tin consumption in this use may be expected to disappear entirely 
by 1975. 

It is not surprising, therefore, that the tin producers look to Continental 
Europe, Japan, and some of the lower-income countries to provide an ex- 
panding demand. It is true that Continental European and Asiatic con- 
sumption rose at an annual average rate of 6 per cent. between 1950 and 
1956-7, and completely offset the fall in U.S. and U.K. consumption. But 
doubts have been expressed whether the favourable circumstances which 
stimulated consumption of tin during that period will be as important in 
the 1960’s.2, Even if the economies of Continental Europe and Japan did 
grow as rapidly as in the 1950's, it does not follow that tin con-umption 
would grow at the rate of 6 per cent. per annum. It is reasonable to expect 
that American tin-economizing methods of production will be introduced. 
The consumption of tin per ton of tinplate is still much higher than in the 
United States. If the U.S. methods had been used in 1958, then tin con- 
sumption in the rest of the non-Communist world in tinplate production 
(excluding the United Kingdom) would have been only 11,000 tons com- 
pared with an actual consumption of 21,000 tons.? The switch to the 

1 Details of U.S. and U.K. consumption are given in Appendix II. 

? National Institute Economic Review, Sept. 1959, p. 44. 

* Average U.S. tin consumption per ton of tinplate in 1956-7 was 15-5 pounds, Con- 


tinental West European consumption 29 pounds, U.K. consumption 22-5 pounds, and 
Japanese consumption 31-5 pounds. 
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electrolytic process has already begun ; in Belgium, for example, the pro- 
portion of tinplate produced by this method rose from only 17-9 per cent. 
in 1951 to 68-9 per cent. in 1955. 

The Paley Report greatly underestimated the rate of growth of Con- 
tinental European and Japanese consumption. It forecast that consump- 
tion in these areas might be 34,000 tons and 4,500 tons by 1975. Actual 
consumption in 1956-7 was 38,500 tons and 9,000 tons. Japanese con- 
sumption exceeded the Paley forecast as early as 1953, only one year after 
the publication of the Report. 

The Commission had assumed that a 100 per cent. increase in G.N.P. 
would be associated with a 50 per cent. increase in the non-tinplate con- 
sumption of tin, and arrived at its forecasts on the assumption that G.N.P. 
in Continental Europe would rise by about 90 per cent. by 1975, and in 
Japan by about 220 per cent. But G.N.P. rose much more rapidly than 
was expected between 1950 and 1956-7—by about 40 per cent. in Europe 
and by nearl+ 90 per cent. in Japan. Moreover, the growth of tin consump- 
tion accompanying this growth of G.N.P. was also much greater than was 
expected. 

Tin consumption by the tinplate industry rose in both areas, whereas 
the forecast, presumably based on the assumption that American tech- 
niques would spread, gave the same figure for 1975 as for 1950. As already 
pointed out, both areas use considerably more tin per ton of tinplate than 
does the United States. It might be expected, therefore, that while tin- 
plate production will continue to expand in bo*h areas, the growth of tin 
consumption will be moderated by the substitution of new techniques for 
old techniques and by the replacement of the older plant. It is possible, 
therefore, that the Paley forecast for 1975 will ultimately not be as wildly 
wrong a8 appears at present. 

Consumption in non-tinplate uses also rose more than was expected. 
This was particularly true of Japan, where non-tinplate consumption rose 
by about 250 per cent. compared with a postulated 45 per cent. for a 90 
per cent. growth in G.N.P. In this case too technical changes are likely to 
reduce tin consumption per unit of output. If the growth of G.N.P. is less 
than in the 1950’s in both Europe and Japan, then the fairly high rate of 
growth of tin consumption might be maintained only by changes in the 
pattern of industrial growth ; for example, large increases in the output of 
industries using tin containers or solder. Whether these changes are likely 
is uncertain, but a possible source of encouragement to the tin producers is 
the fact that Japan and several important European countries still con- 
sume much less tin per head of population than the United Kingdom, and 
that the gap has been narrowing as living standards in these countries 
rise. A favourable pointer is the continued growth of tin consumption in 











322 THE TIN EXPERIMENT 


Western Germany, where living standards have risen sharply since 1956-7, 
the years selected by the National Institute study for comparison with 
1950. By 1959 the annual rate of consumption had risen to 15,500 tons 
compared with only 9,800 tons in 1957. 

So far as the low-income non-Communist countries are concerned, there 
has as yet been little sign of a significant expansion of consumption. The 
rough estimate of the Paley Committee put it at 31,000 tons in 1975 com- 
pared with about 14,000 tons in 1950. In 1958 estimated consumption by 
this group of countries amounted to only 14,500 tons. 

There remain the great uncertainties of consumption and production in 
the Communist countries. These were not discussed in the Paley Report, 
nor have they been alluded to by the National Institute study. As in- 
dustrial production and living standards rise in these countries, however, 
there may be important repercussions on the demand and supply situation 
of industrial raw materials. 

The non-Communist tin market has already experienced the unsettling 
impact of a large and apparently unexpected disposal of tin by the Soviet 
Union. Whether sales were made from current Soviet or Chinese produc- 
tion or from stocks is uncertain. China was an important producer before 
the war and, according to the Tin Council’s estimates, is still producing 
considerably more than domestic consumption. Estimates of Chinese con- 
sumption in recent years suggest only a modest rate of growth. Unless 
there is a spectacular change during the early 1960's it looks as if there 
will remain an export surplus for some time, but whether this means dis- 
posal on the non-Communist market depends on other Communist con- 
sumption. 

Consumption in the rest of the bloc, excluding the Soviet Union, is be- 
lieved to be growing very slowly. This leaves the Soviet Union itself as 
the great unknown. An estimate for 1958 put tinplate production at only 
260,000 tons, or about 6 per cent. of U.S. production. No figures are avail- 
able for other uses of tin in the Soviet Union. It would appear that there 
is great scope for an expansion of tinplate production as more emphasis 
is placed on consumer goods. If new Soviet capacity, however, used the 
latest techniques, even a fourfold increase in output would not involve 
consuming more than 7,000 tons of tin. 

The crucial question is the size and duration of the Communist surplus 
in relation to the non-Communist surplus. Sales by the Soviet Union to 
non-Communist countries have fluctuated greatly in recent years, rising 
from 3,000 tons in 1956 to 17,000 tons in 1958 and falling back to an 
annual rate of 10,000 tons in the first half of 1959. If the 1958 rate re- 
flected what the Soviet Union would like to export if it had not agreed to 
accept voluntary limitation of its exports, and if it could keep up this rate 
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into the 1960's, then there would be a considerable world problem of excess 
capacity. The difference between the 1956 level of production in non- 
Communist countries plus Soviet sales at the 1958 rate and the 1956 level 
of consumption would be about 30,000 tons or one-sixth of the total supply. 
This is not an extravagant gin, but it is not one which on the basis 
of consumption trends iv ‘s might be expected to be eliminated 
quickly. 

The surplus of unrestric jion over consumption may, of course, 
be smaller than this. It is , hat the Soviet Union could not main- 
tain even the 1957 rate of exports. It would be unwise to bank on this, 
however, since it is uncertain what has been happening to capacity both 
there and in China. It is clearly desirable that more information should 
be given by these countries to the Tin Council, in order to help it in making 
forecasts of future supply and demand. 


IV 

Since tin is the only metal of which world consumption is no greater 
than it was in the late 1920’s (and the two most important countries are 
consuming less), it is hardly surprising that much criticism has been directed 
at the producers’ price policy. The pre-war agreements were severely 
criticized both for their failure to achieve reasonable price stability and for 
their success in keeping the average price closely linked to the costs of the 
high-cost producers, although it was clear that the industry in the 1930’s 
was afflicted by persistent excess capacity. Since the last war there have 
again been violent fluctuations, but the market has been much more stable 
after the current agreement came into effect. In so far as the current 
agreement is open to criticism, it is a question of the average price. If that 
is believed by users to be too high, then technical forces will exercise a 
strong downwards push on tin consumption by all industrial countries, as 
they have already done in the United States. 

A high price leads to economy in use and particularly to competition 
from aluminium. The price relationship between tin and aluminium is 
shown in Chart 2. It will be seen that before the war aluminium was about 
half as dear as tin. After the war it cheapened relatively to tin, until in 
1951 it cost only one-tenth the price of tin. From 1952 to 1957 the differ- 
ence became smaller, then it widened in 1958 and 1959. Although the 
difference is now much less than in the years 1948-51, aluminium is still 
only about one-quarter of the price of tin. Since the Tin Council is ap- 
parently determined to aim at a price in the neighbourhood of £800 a ton 
and the price of aluminium did not rise greatly even in the inflationary 
1950's, it is perhaps reasonable to assume that the 1957-8 price differential 
is unlikely to be appreciably narrowed in the near future. Although tin 
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may suffer less from price instability as a result of the agreement, and in 
this respect it has been at a marked disadvantage compared with 
aluminium in the past, the favourable effect may be moderate compared 
with the adverse effect of a high average price. 

In its second most important use in the United States there is evidence 
that tin has been replaced to some extent by lead since the war. The 
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same is true of the United Kingdom. The graph for the United Kingdom 
shows that the downward trend in the price of lead relatively to the price 
of tin has been associated with a downward trend in the ratio of tin to lead 
used in solder. The long-run association is not so obvious in the case of 
the United States. A comparison of 1947 and 1957, however, shows that 
lead was relatively cheaper in the second year and that less tin was used 
in solder. 

In both charts it will be seen that in some years tin consumption rises 
relatively to lead consumption while the price changes are in the opposite 
direction. It is possible that special circumstances could be adduced to 
explain these divergencies from the general trend. Since different solders 
are used for different purposes, it may be that an explanation could be 
found in output changes in solder-using industries. The rise in military 
goods production in 1950, for example, might have led to the use of solder 
with a higher tin content. It is possible too that there are technical limita- 
tions at any given time to the extent to which lead may be substituted for 
tin. This was certainly true before the war, when the price of tin in some 
years was up to fifteen times as much as the price of lead. In spite of the 
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marked incentive to economize on tin in the 1930’s the technical progress 
had not yet been made which would allow substitution. Once research had 
been successful the large price difference led to substitution. This tendency 
to use lead instead of tin would explain the general trends shown in the 
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graph. How far substitution can go is uncertain in this use, but it is pos- 
sible that there is an irreducible minimum below which the proportion of 
tin in solder cannot fall, without destroying the essential properties of the 
product. Nevertheless, this minimum may be so low that it will have 
a serious effect on the amount of tin required for this purpose. It seems, 
therefore, that a further widening of the price differential between the 
two materials may prejudice the use of tin. This point of view can be 
reinforced by the fact that technical progress may still make economic 
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and technically efficient the substitutes for tin-lead solder which already 
exist and have been in use sii:ce the war. 

During the 1940’s and the early part of the Korean war tin suffered, 
particularly in the United States, from government controls on its use. 
This undoubtedly stimulated research into substitutes and economy in 
use. It is uncertain now by how much the price of tin would have to fall 
in order to make the newer methods uneconomic. Probably there is no 
conceivable reduction in price which would restore tin to its pre-war posi- 
tion in some uses. It is unlikely that any practicable fall in price would 
prevent the replacement of the traditional method of tinplate production 
by the electrolytic method. It is uncertain also whether any practicable 
fall in price would prevent further economies in the use of tin in tinplate. 
Moreover, tinplate itself is vulnerable to substitutes in the container in- 
dustry and the price of tin is such a small proportion of the total cost of 
tinplate that it may be relatively unimportant in decisions to switch to 
substitutes. Technically it may be possible to dispense entirely with tin- 
plate in the container industry. This is the reperted aim of U.S. tinplate 
users, but, accdrding to the tin industry’s spokesmen, the rate of replace- 
ment of tinplate in the container industry is likely to be very moderate up 
to 1975 and will be more than offset by the expansion of the container 
industry. Nevertheless this is a significant threat to tin in its most impor- 
tant single use, and as we have pointed out, there is little evidence of the 
growth on any large scale of new uses for tin. 

There are some uses for tin where substitutes are less satisfactory and 
hence a fall in the price of tin might encourage more consumption. The 
collapsible tubes industry is an example. But this is only a minor use of 
tin. It is possible, therefore, that a fall in the price of tin which had a 
favourable effect on these uses of tin might, even in the long run, lead to 
such a modest increase in consumption that it failed to offset the loss of 
receipts from the lower price at which the rest of the supply had to be sold. 

It seems likely that this consideration weighs heavily with producers. 
They have probably become so pessimistic about the price elasticity of 
demand for tin that they have come to rely on the effects on total consump- 
tion of the growth of income in countries where living standards are still 
well below those of the industrial countries, or where tin consumption per 
head is low compared with consumption in these countries. The producers 
seem to believe that a reduction in the gap between the high-income and 
the low-income countries is inevitable in the future and that this will be 
sufficient to offset competition from substitutes and the spread of tin- 
economizing techniques. 

If this is the attitude there would be a tendency for the views of the 
higher-cost producers to prevail with the Tin Council, since the lower-cost 
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producers might not anticipate a large enough increase in sales to com- 
pensate them for a lower price. Thus both the recession price and the long- 
run average price would be kept up. 

This attitude is open to criticism in several respects. First, a high price 
will certainly discourage the devciopment of new uses and ensure that the 
whole bias of research is against tin, as it has been for over 30 years. 
Secondly, it does not follow that countries with low living standards now 
will use tin on the scale envisaged by the producers. Tl ay may have a 
bias in favour of substitutes if industrial countries demonstrate that they 
are economic. 


V 

The decision to revise the price range in March 1957 was strongly criti- 
cized as a repetition of pre-war short-sightedness. By the producers it was 
defended partly on the ground that the average price had become too low 
to encourage the expenditure on exploration and development which had 
been neglected in most producing areas since the war. As we have sug- 
gested, however, there may be other reasons for this. Moreover, it is pos- 
sible that the industry’s traditional reliance on output restrictions has 
tended to discourage investment in low-cost areas, because modern mining 
puts a premium on operating expensive capital equipment near to capacity. 
While it is difficult to judge fairly the merits of the revised price range in 
the absence of adequate data on production costs, there are some grounds 
for questioning the revision. 

The level of the minimum support price seems ambitiously high in the 
light of market experience since 1953. The level to which it was raised— 
£730, was only about 6 per cent. below the monthly average of £777 in 
1956 and that was higher than in any year since 1952 and was markedly 
affected by exceptional circumstances, namely, the threatened strike and 
the Suez crisis. It is true that the monthly average price exceeded £800 in 
the first quarter of 1956, but at that time the general industrial boom was 
still proceeding and the Texas smelter was still absorbing part of the cur- 
rent output. While it was justifiable to prevent a collapse during the 
recession such as hit the other non-ferrous metal markets, it could be 
argued that it was unrealistic to choose a much higher minimum price 
when market conditions had been drastically changed, irrespective of the 
effects of the recession. The same criticism could be levelled at the higher 
middle section of the range which the producers would have chosen in the 
absence of opposition from the consuming members of the Tin Council, 
and to a lesser extent at the section which was agreed upon. The producers 
wanted a wholesale raising of the range, that is, a middle section of £810- 
£890, within which the market price might be expected to lie if there were 
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no intervention and supply and demand were in balance. In the 3} years 
before March 1957, the monthly average exceeded £810 in only 3 months 
and one of these was during the Suez crisis. Even the lower spread of £780 
to £830 was above the annual average from 1953 to 1957, and yet it was 
within this part of the range that the producers must have expected the 
price to settle with an unrestricted supply. j 








TaBie III* 
Number of Companies with Dividends as Indicated 

Fin. year Up to Av. monthly 

ending in Nil 9% 10-19% | 20-39% | 40% Price (£) 
1953 - Ae = a ie eis 655 
1954 - 13 5 9 15 24 719 
1955 - 11 6 9 16 24 740 
1956 - 9 6 1] 14 26 777 
1957 ~ 16 3 5 17 25 755 
1958 ~ 5 11 8 17 6 735 























* Data from Tin, Apr. 1959. 1954-7, 66 companies ; 1958, 47 companies. 


Although there is little data on production costs, one may get some idea 
of profitability in part of the industry from the dividends paid by a sample 
of firms during a period when the monthly average price in no year ex- 
ceeded £780.! As the table shows, in the 4 years 1954-7 the number of 
companies paying more than 20 per cent. varied between 39 and 42, and 
at least 24 paid more than 40 per cent. At the other end of the scale be- 
tween 9 and 16 firms paid no dividend at all during this period. According 
to an investigation by U.S. mining experts, about one-quarter of the 
” Bolivian industry made no profits after 1952. There is no doubt, therefore, 
that the spread of production costs throughout the industry has been such 
that part has done reasonably well at a price considerably below £800 as 
long as output was not restricted. How much of the industry would be 
profitable even in the low-cost countries, however, if the average price 
were reduced say to £500, which would still leave tin dearer relatively to 
aluminium than before the war, is uncertain. It might be worthwhile for 
the Tin Council to find out. Such information as is available for Nigeria 
and Malaya suggests a wide cost range, namely, from 7d. to 25d. per cubic 
yard mined in Nigeria and from 8d. to 14d. in Malaya. 

1 The 66 companies in the table accounted for about one-third of the member countries’ 
output in 1956. The companies paying at least 40 per cent. in 1957 accounted for half the 
output of the sample, those paying at least 20 per cent. accounted for nearly four-fifths. 
About 12 per cent. of output was produced by companies paying no dividend in 1957. 

* A few companies give such data in Skinner’s Mining Yearbook. It is not indicated 


whether these costs cover total costs. Royalties and taxes are presumably excluded, aa 
probably are transport costs. 
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Critics of the industry’s pre-war policy argued strongly in favour of 
bringing down the average price to a closer correspondence with the costs 
of the low-cost producing areas. According to Knorr, costs in the Malayan 
mines ranged from £20 to £150 a ton in the 1930's, while the market price 
averaged about £200. Eastham suggested that all the tin necessary could 
have been forthcoming from the bigger combines at a price of between £70 
and £100 in the 1930’s. The general conclusion of these critics was that 
the producers simply exploited the consumer because they believed that 
the elasticity of demand was low, as in fact it probably was in the 
conditions of the time. But the long-run effect of a high price has 
been adverse, because the producers underestimated the development 
of research. While war-time controls accelerated research, the incentive 
was created basically by the belief that tin was too dear, and also by 
the violent diuctuations in price during the 1930*s and in the earlier post- 


war years. 

One of the most interesting and most emphasized of the producing 
side’s arguments in defence of its price policy has been that a price below 
the £700-£800 range would mean the closing-down of many marginal 
mines in conditions which involved the total loss of their remaining de- 
pesits ‘perhaps for ever’, and not simply until the state of demand and 
supply again warranted their exploitation.’ How seriously this argument, 


which was also used in the thirties, ought to be taken is debatable. In 
general, there is something to be said for the argument that the economics 
of a non-renewable resource should be treated somewhat differently from 
the economics of renewable resources. Perhaps the exploitation of a non- 
renewable resource should be looked at from the points of view of both 
present and future generations of consumers. Thus if some mineral de- 
posits are irretrievably lost, the world, it might be argued, is so much the 
poorer. The gain to present consumers from lower prices through exploit- 
ing only the higher-grade deposits now should be set against the potential 
loss to future consumers—not necessarily far in the future—through their 
need to make the best of what is left. 

How charitably disposed one should be to the producers’ case is a 
matter of opinion, which will be influenced by one’s views about the need 

1 In a recent talk to the Liverpool Economic and Statistical Society this distinction be- 
tween the economics of primary industries which supply renewable goods and those which 
supply non-renewable goods was discussed by E. F. Schumacher with particular reference 
to the coalindustry. It was pointed out that ‘while it is reasonable to expect contemporary 
society to try to get coal as cheaply as possible, it is not reasonable that, in doing so, it 
should waste part of the fixed supply by abandoning it in conditions which makes its re- 
covery virtually impossible’. While this argument could not be interpreted to mean that 
every ton of coal should be extracted from a mine, however high-cost, it is important to 
draw attention to the fact, sometimes neglected, that the extraction of non-renewable goods 


should be guided to some extent at least by a long-term view of the relationship between 
the rate of extraction and the total fixed supply. 
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to conserve the supply of non-renewable minerals, the extent to which 
the present generation ought to take account of the hypothetical needs of 
future generations and the possibility that the alleged waste is greatly 
exaggerated. The outside observer cannot judge the technical conditions 
which would have to be faced in the future if partly worked mines which 
had been abandoned had to be re-opened. Experience of other extractive 
industries, however, has shown that great improvements can be made in 
the recovery of abandoned deposits. Whether the high-altitude mines of 
Bolivia or other mines could be worked again only at some fantastically 
high cost is something which only mining experts could determine. 

According to various authorities there are still very large unexplored 
reserves even in the areas at present being mined.! As a proportion of 
total actual and potential deposits, therefore, the wastage which producers 
currently envisage may not be significantly large. Some tin is probably 
sacrificed anyway as a normal procedure, since the last, ounce will not be 
invariably extracted. The same applies to other extractive industries. 
The outside observer, therefore, must tend to be suspicious that the pro- 
ducers are simply using this argument to ensure the rate of return on 
capital which they originally expected even on high-cost capacity. More- 
over, the scope for substitution and economy in use appears to be so great 
that it does not look as if future generations would be penalised by some 
mild profligacy of the present generation. 


VI 

The combination of a limited buffer stock and quantitative restrictions 
on exports was judged by the well-known U.N. committee almost as un- 
favourably as quantitative restrictions on their own.? The only case for 
which restrictions were given a qualified approval was an industry’ which 
for technological reasons or because of changes in taste appears to be con- 
tracting or dying.’ In this class of industry, according to the committee, 
the function of quota agreements should be limited to securing the orderly 
reduction of capacity. Now the tin industry, as we have pointed out, has 
certainly not expanded as a result of the widespread growth of industrial 
activity in the last thirty years. Consumption in the two most important 
countries was slightly lower in 1955-6 than in 1935-8 and substantially 
lower than in 1928-9. The fall in their consumption since 1928-9 was only 
slightly exceeded by the increased consumption of other countries. The 
prospect of future growth, therefore, depends on whether the possible in- 
creased demand as a result of continued industrial expansion in the 1960’s 


1 Cf. the Mining Journal, 29 Mar. 1959, and Tin, Oct. 1959. Reserves in Thailand alone 
are estimated at over 100 years’ supply at the rate of mining in recent years. The largest 
reserves are believed to be in China. 

* Commodity Trade and Economic Development, Nov. 1953, p. 47. 
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will be greater than the reduction in demand through further economies 
in use and through substitution. 

This uncertainty about the future prospects of the industry raises doubts 
about the wisdom of a full buffer stock approach, especially if the mini- 
mum support price is not set low enough to get rid of the high-cost capacity. 
If finance had been forthcoming for a buffer stock on its own, and a large 
stock had been accumulated, the inevitable question would arise—how long 
would the excess supply have to be held? The previous discussion of the 
Paley estimates suggests that it might have to be held throughout the 
1960's. Moreover, in addition to this stock, there would also be a large 
amount in the American stock-pile which is believed to be surplus to 
estimated strategic needs, and which could be sold if there were any 
serious pressure on the market through an unforeseen increase in demand. 
Further, in spite of little exploration and development since the war, no 
one has seriously suggested that output is likely to fall significantly. 

The question then arises whether there is much point in a limited buffer 
stock, since it is so small that it is doubtful if it can cope alone with even 
the most modest recession, at least for as long as there is non-cyclical 
excess capacity. By setting the critical point at 10,000 tons, that is, the 
point at which restrictions on exports might be used, the agreement makes 
it clear that the buffer stock was never regarded as mure than supplemen- 
tary to quotas. In the 1957-9 recession the buffer stock took a secondary 
role at an early stage. It was used to support the market until the Tin 
Council gauged the extent of the recession. Subsequently its role became 
one of evening out temporary imbalances between demand and a restricted 
output due to the difficulty of making accurate forecasts of the necessary 
quarterly quotas. In this respect it seems to have been successfully used, 
if one can judge by the stability of the London spot price for the greater 
part of 1959. While this is a useful function, it falls far short of the role 
of a ‘true’ buffer stock which can cope with any cyclical fluctuations. It 
also differs from the role which was envisaged for it by those who drafted 
the 1953 Agreement, because it involved intervention in the market .,hen 
the price lay within that section of the range within which the buffers ck 
should have been inactive. 

The Council appears to have been in a dilemma. It did not want to 
relax restrictions too quickly, but at the same time it did not want the 
price to exceed £800, perhaps because it had some residual doubts about 
the wisdom of the changes in the price range. As the graphs have shown, 
both aluminium and lead were relatively cheaper than at the beginning of 


1 The range of fluctuation of the spot London price in the 12 months from Apr. 1959 
was smaller than in any comparable period in the previous 40 years, excluding the war 
years. 
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the recession. By relaxing controls only gradually on a rising market, the 
Council was able to get rid of a substantial part of the buffer stock supply.? 
By reducing the supply, however, it ran the risk of losing control over the 
market price temporarily at least as the result of an unforeseen increase in 
demand for both consumption and commercial stocks. But so far there 
has been no repetition of the violent fluctuations of the 1930’s, when mis- 
takes were made in forecasting demand and the speed with which deliveries 
could be made to the consuming countries. 

The restriction of output by quotas on the basis of past shares of the 
market is open to familiar criticism, which the Tin Council has attempted 
to meet by the scheme to revise the basic quotas annually according to 
estimated changes in relative production costs. This scheme is modified 
by the qualification that account should be taken of possible hardship 
to countries whose quota ought to be cut according to this criterion. 

There is some evidence of flexibility in the quota system, as operated 
by the Council. A comparison of the basic quotas, which are related to 
the 1953 voting power, with the export quotas for the third quarter of 
1959, shows that the Bolivian and Indonesian shares were cut by about 10 
per cent., the Nigerian and Thailand shares were increased by about 15 
and 40 per cent., and the Malayan by a negligible amount.! How far this 
process of changing quotas has been determined by strict economic 
criteria is uncertain, how far it could go without the additional pressure of 
lower prices on high-cost producers is equally uncertain. 

Theoretically, the equal division of voting power between consumers 
and producers implies that a combination of consumers and low-cost pro- 
ducers could outvote the high-cost producers in fixing quotas and the 
price range. If this combination insisted on an allocation of which high- 
cost producers disapproved, then the latter would have the choice of 
acceptance or withdrawal from the agreement. If they withdrew total out- 
put would be higher, and price would probably be lower. In that case 
total receipts of high-cost producers might well be lower than they would 
have been if they had accepted the quota and sold at a higher price. But 
low-cost producers might also be worse off than if they had given in to the 
high-cost producers, because the fall in price reduced their total receipts. 
It would not be surprising, therefore, if they were unwilling to put enough 
pressure on the high-cost producers, particularly if they expected that the 

1 The supply held in the buffer stock was reduced from about 21,000 tons at the end of 
Mar. 1959, to something over 10,000 tons, according to the preliminary statement of the 
manager. All the tin purchased with the Special Fund was sold by Mar. 1959. The Council 
probably did not want to go below 10,000 tons in 1959, since Article VII implied that 
quotas should be dropped if the buffer stock held less than that amount. 

* Bolivian output rose considerably in 1959, because a substantial part was consigned to 


the United States under a barter deal and was not counted as an export for the purpose of 
export control under the quota scheme. 
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latter would be helped by subsidies or devaluation. In this situation one 
must rely on pressure by the consuming countries on the Council, as was 
the intention in the post-war type of agreement. In addition, however, it 
is important that the high-income consuming countries should help those 
producing countries which are saddled with high-cost capacity to develop 
alternative industries which produce either exports or import substitutes. 
This would be in line with the general policy of giving aid to low-income 
countries to which category all the producing members of the tin agree- 
ment belong. It would also give the remaining producers a better chance, 
if they chose to take it, to cope with the threat from technological progress. 


University of Liverpool 
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APPENDIX I 
London Non-ferrous Metal Monthly Prices.* (£ per ton) 














Tin Copper Lead | Zinc Aluminium 
(spot) (spot) (Current month) 

1956 

Jan. 814 395 101 118 179 
Feb. 806 406 103 123 179 
March 806 420 99 119 179 
April 764 382 98 118 189 
May 748 332 92 112 189 
June 742 313 94 114 189 
July 750 301 95 115 191 
Aug. 769 305 95 115 199 
Sept. 789 304 97 117 199 
Oct. 805 , 282 99 117 199 
Nov. 852 283 102 117 199 
Dec. 806 274 102 117 197 
1957 

Jan. 789 267 105 116 197 
Feb. 77 244 06 112 197 
March 771 240 06 113 197 
April 77 242 94 108 197 
May 765 240 98 99 197 
June 763 227 89 91 197 
July 753 219 75 91 197 
Aug. 740 212 74 92 197 
Sept. 740 197 7: 90 197 
Oct. 732 187 69 86 197 
Nov. 730 188 68 83 197 
Dec. 730 181 63 73 197 
1958 

Jan. 731 171 63 72 197 
Feb. 732 163 64 : 7 197 
March 731 170 63 75 197 
April 731 176 62 73 180 
May 731 179 62 72 180 
June 730 105 64 73 180 
July 731 200 64 71 180 
Aug. 730 206 64 70 180 
Sept. 718 209 65 7 180 
Oct. 741 236 70 74 180 
Nov. 758 243 75 76 180 
Dec. 756 221 74 7% 180 
1959 

Jan. 759 230 75 72 180 
Feb. 773 236 7 70 180 
March 780 249 75 70 180 
April 783 240 73 69 180 
May 784 236 77 7 180 
June 788 230 78 70 180 
July 793 221 81 70 180 
Aug. 793 233 85 72 180 
Sept. 793 230 86 71 190 
Oct. 794 242 91 71 180 
Nov. 795 251 95 72 180 
Dec. 789 255 95 73 180 

















* Monthly Bulletin of Statistics. 
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Estimated U.S. Tin Consumption by Uses (thous. long tons) 
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1935-8 1948 | 1950 | 1952 | 1954 | 1956 | 1958 | 1959* 
Tinplate - 32-0 32-0 | 36-0 | 27-9 | 33-0 | 34°83 | 20-1 | 34°5 
Solder ~ 10+7 15-0 | 18-0 77 93 | 105 74 70 
Babbitt 3-0 35 3-5 1-9 23 2-6 2-0 2-2 
Bronze and brass 10-1 3-9 4-1 3-6 3-4 48 3-2 3°7 
Collapsible tubes 0-8 1-4 0-6 | 0-8 0-9 0-8 0-9 
Others - 9-9 4-7 8-2 3-6 5-6 6-8 5&7 77 
Total - 65-7 59-9 | 71-2 | 45:3 | 54-4 | 60-4 | 48-2 | 56-0 

* Annual rate in first half of year. 
Estimated U.K. Tin Consumption by Uses (thous. long tons) 

1935-8 1948 | 1950 | 1952 | 1954 | 1956 | 1958 | 1959 
Tinplate 1}-0 9:5 9-8 | 11-5 9-9 | 10-1 | 10-0 | 105 
Solder - 31 2-6 2-8 1-8 2°I 2-8 1-9 2-2 
Alloys - ce 6-9 6-4 5-7 6-1 55 5-4 
Collapsible tubes 1-2 0-6 0-2 0-4 0-3 0-3 0-3 
Chemicals ~ ms 0-9 0-6 1-0 1-0 1-0 1-0 
Others - 6-2 z 2-3 2-1 2-6 1-9 1-7 1-4 
Total - 21-5 25°2 | 23:3 | 22-6 | 21-7 | 22-2 | 20-4 | 20-8 





























Source: Internationa! Tin Council. 
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